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PREFACE

IN the preparation of this volume, it has been the authors’
chief purpose to produce a text-book which shall include the
essentials of a comprehensive knowledge of practical surveying
and at the same time be adapted to the use of teachers and
students in technical schools. In this book, which is essentially
an elementary treatise, such subjects as stadia, plane table, .
hydrographic and geodetic surveying, are entirely omitted, these
s1bjects being left for a later volume.

Considerable stress is laid upon the practical side of sur-
veying. The attempt is made not only to give the student a
thorough training in the fundamental principles and in approved
methods of surveying, computing, and plotting, but also to
impress upon him the importance of accuracy and precision in
all of his work in the field and the drafting-room. In carrying
out this purpose it has seemed necessary to lay particular stress
upon some points which to the experienced engineer or the
advanced student may appear too obvious to require explanation,
but which teaching experience has shown to be most helpful to
the beginner. The most.common errors and mistakes have
therefore been pointed out and numerous methods of checking
have been explained. Every effort has been made to inculcate
right methods even in minor details, and for this purpose a large
number of examples from actual practice have been introduced.

In arranging the subject matter of the work, the four parts
are presented in what appears to be a logical sequence. First,
the use, adjustment, and care of instruments are taken up ; then
the next three parts, surveying methods, computations, and
plotting, are taken in the order in which they are met in the
daily practice of the surveyor. To show more clearly the steps
in the process, the notes which are used as illustrations in sur-
veying methods are calculated in the computation section, and
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iv PREFACE

are treated again under the methods of plotting, finally appearing
as a completed plan.

While the authors recognize fully their indebtedness to those
who have preceded them in this field, they hope that they have
made some useful contributions of their own to the treatment
of the subject. Thus in the section on Surveying Methods,
many practical suggestions have been inserted which they have
found of value in their own work and which, so far as they are
aware, now appear in a text-book for the first time. On the sub-
ject of Computations, much emphasis is laid upon the proper use
of significant figures and the arrangement of the work, matters
which heretofore have not been adequately treated in books on
surveying. The section on Plotting contains many hints refer-
ring particularly to surveying drafting, which are not given in the
published books on drawing and lettering. It is hoped also that
the complete set of original illustrations which have been in-
troduced throughout the book will aid materially in making the
text clear.

A comprehensive cross-reference system giving the page as
well as the article number has been adopted : this, together with
the complete index at the end of the book and the many practi-
cal hints throughout the volume will, it is hoped, render it use-
ful to the practical surveyor as a reference book.

The authors desire to acknowledge their indebtedness to their
various associates in the teaching and engineering professions
who have kindly responded to requests for information and as-
sisted in the preparation of this work, particularly to Blamey
Stevens, M. Sc., of Ellamar, Alaska, who supplied the entire
chapter on Mining Surveying. They are also under obligations
for the use of electrotype plates of tables: to W. H. Searles for
Tables IV, V, and VI; to Professor J. C. Nagle for Tables II
and III; and to Professor Daniel Carhart for Table I ; all of these
plates were furnished by John Wiley & Sons. The authors are
under special obligation to Professors C. F. Allen, A. G. Rob-
bins, and C. W. Doten of the Massachusetts Institute of Tech-
nology, and to H. K. Barrows, Engineer U. S. Geological Sur-
vey, who have read the entire manuscript and who have offered
many valuable suggestions in preparing the work for the press.
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The authors also desire to express their appreciation of the excel-
lent work of W. L. Vennard, who made the drawings for illus-
trations.

No pains has been spared to eliminate all errors, but the
authors cannot hope that their efforts in this line have been com-
pletely successful, and they will consider it a favor if their attention
is called to any which may be found.

C. B. B.
G.L.H.
BosTON, Mass., Seplember, 1906.

PREFACE TO THE THIRD EDITION

IN this third edition the portion of Chapter V which deals with
the Public Lands System and Chapter XI on Mine and Mountain
Surveying have been thoroughly revised. The authors have been
fortunate in securing the services of Professor William C. Hoad, of
the University of Kansas, in revising the articles on Public Lands
Surveys. The chapter on Mine and Mountain Surveying has
been rewritten by Mr. Blamey Stevens.

In order to meet the requiréments of the schools in which the
subject of stadia is included in the elementary course, the authors
have deemed it advisable to add Appendix A, containing the
fundamental principles of this method of surveying. While all
of the important principles have been included in this appendix,
the complete treatment of the subject, especially on the practical
side, will be found in Volume II, Chapter IV.

Appendix B, which treats of the theory and use of the Plani-
meter, and Appendix C, in which is explained in detail the process
of mounting drawing paper, appear for the first time in this edition.

C. B. B.

G. L. H.
BosToN, Mass., July, 1908,
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THE PRINCIPLES AND PRACTICE OF
SURVEYING.

PART 1.

USE, ADJUSTMENT, AND CARE OF INSTRUMENTS,






CHAPTER 1.

GENERAL DEFINITIONS. - MBEASUREMENT OF LINES.

1. DEFINITION. — Surveying is the art of measuring and
locating lines and angles on the surface of the earth. When
the survey is of such limited extent that the effect of the earth’s
curvature may be safely neglected it is called Plane Survey-
ing. When the survey is so large that the effect of curvature
of the earth must be taken into account as, for instance, in the
survey of a state or a country, it is called Geodetic Surveying.

2. Purposes of Surveys.— Surveys are made for a variety
of purposes such as the determination of areas, the fixing of
boundary lines, and the plotting of maps. Furthermore, engi-
neering constructions, such as waterworks, railroads, mines,
bridges, and buildings, all require surveys.

3. Horizontal Lines.— In surveying, all measurements of
lengths are horizontal or else are subsequently reduced to hori-
zontal distances. As a matter of convenience, measurements
are sometimes taken on slopes, but the horizontal projection is
afterward computed. The distance between two points as
shown on a map then is always this horizontal projection.

INSTRUMENTS FOR MEASURING LINES.

4. THE CHAIN.—There are two kinds of chain in common use,
the Surveyor's (or Gunter's) Chain, and the Engineer's Chain
(Fig. 1). Gunter’s chain is 66 feet long, and its use is confined
chiefly to land surveying on account of its simple relation to the
acre and to the mile,

1 Gunter’s Chain =4 Rods= 100 Links,

1 Mile =80 Chains,
1 Acre =10 Square Chains.

Evidently each link is £ of a foot (or 7.92 inches) long
The inch, however, is never used in surveying fieldwork.
3
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RS Theengmee.r ' chain is 100 feet long and is divided into one
T hundred links of one foot each. Each end link is provided witha
handle, the outside of which is the zero point, or end, of the chain.
In these chains, every tenth link counting from either end is
marked by a brass tag having one, two, three, or four points
corresponding to the number of tens which it marks. The
middle of the chain is marked by a round tag. In the en-
gineer’s chain then the 10-ft. and go-t. points, the 20-ft. and
8o-ft. points, etc., are marked alike ; hence it is necessary to ob-

—aeliinato

ENGINEER’S CHAIN. F GUNTER'S HALF-CHAIN.
6. 1

serve on which side of the 5o-ft. point a’ measurement falls in
order to read the distance correctly. Distances measured with
the surveyor’s chain are recorded as ckains and links, (or in chains
and decimals) ; while those measured with the engineer’s chain
are recorded as fee? and decimals.

On account of the large number of wearing surfaces and the
consequent lengthening with use, the chain should be frequently
compared with a standard of length (Art. 243, p. 218). It may
be adjusted to agree with the standard, by means of a nut at the
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handle, which allows the length of the chain to be altered by
lengthening or shortening the end link.

5. Metric Chain. — The Metric Chain is usually 20 meters
long and is divided into one hundred links, each 2 decimeters
long.

6. THE TAPE.— There are three kinds of tape in common
use, — cloth, metallic, and steel. Cloth tapes stretch so easily
that they are of little use in surveying. The so-called metallic
tapes are cloth tapes having very fine brass wires woven into
them to prevent stretching. They are usually graduated into
feet, tenths, and half-tenths and are made in lengths of 25 ft.,
5o ft, and 100 ft. When precise results are required a steel
tape should be used. While a steel tape varies a slight
amount in length with the temperature and with the pull, it is
possible to determine the amount of these variations and hence
to arrive at accurate results.

7. Steel Tapes. — Steel tapes may be obtained in lengths
up to 500 ft.,, but the most common in use are the 5o-ft. and
100-ft. lengths. While the shorter tapes are usually made of
thin steel ribbon the longer ones are of sufficiently large cross-
section to withstand hard usage. These heavy tapes are gen-
erally marked every 10 ft. by a brass tag, the 1oft. length at
one end of the tape being marked at every foot, and the last
foot divided into tenths. Some of these tapes are marked every
foot throughout their entire length. The light tapes are divided
throughout their entire length into feet, tenths, and hundredths,
each line being etched on the steel. The numbering is contin-
uous from o ft. to 100 ft. These tapes are more convenient to
handle than the heavy ones, but are not suited to very rough
work as they are easily kinked and broken. They can be readily
mended, however, by riveting to the back of the tape a piece of
tape of the same width.

Since the surveyor’s measurements are usually in feet and
decimals, they are not in convenient form for use by mechanics
in construction work. It is therefore often necessary to con-
vert decimals of a foot into inches and vice versa. The follow-
ing table shows the general relation between these two and is
sufficiently close for most work
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TABLE 1.
DEecimMaLs oF Foor IN INCHES.
Deciuar or Foor. Incuzs.

K - -

.08 = 1 -

17 - 24

.28 - 3 (exact)

.50 - 6 (exact)

75 - 9 (exact)

Decimals of a foot can easily be converted mentally into
inches, by use of the equivalents in the above table, for example,
0.22 ft. =.25 —.03 = 3”7 — 3" = 2§"".

In surveying farms, timber lands, or other property of low
value, chain measurements are usually of sufficient accuracy and
the chain is well adapted to work in rough country. In city
surveys, and in fact in all surveys where great accuracy is de-
manded, the steel tape is indispensable. In preliminary railroad
surveys the engineer’s chain, which formerly was used exclusively,
is gradually being replaced by the long heavy tape which, while
adapted to rough work, will at the same time give accurate
results.

8. THE STADIA. — Where it is desired to measure distances
with great rapidity but not with very great accuracy the stadia
method is coming to be very generally used. The distance is
obtained by simply sighting with a transit instrument at a grad-
uated rod held at the other end of the line and noting the space
on the rod included between two special cross-hairs set in the
instrument at a known distance apart. From this observed in-
terval on the rod the distance from the transit to the rod can be
easily calculated. (See Appendix A, p. 517.)

9. OTHER INSTRUMENTS. — Wooden Rods are used in certain
kinds of work for making short measurements, usually less than
15 ft.

The Two-Fost Rule divided into tenths and hundredths of a
foot is very convenient for short measurements.

The Odometer is an instrument which may be attached to a
carriage in such a manner as to register the number of revolutions
of one of the wheels. The circumference of the wheel being
known the approximate distance traversed is easily determined.
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MEASUREMENT OF LINES.

10. MEASUREMENT OF A HORIZONTAL LINE WITH A CHAIN,
— This work is done by two chainmen using a chain and a set of
eleven steel marking pins. One man, called the head-chainman,
carries ten of the marking pins and the front end of the chain.
The rear-chainman takes the eleventh pin and the other end of
the chain. The head-chainman then goes forward keeping as
nearly on the line as he can. The rear-chainman holds his end
of the chain just to one side of the initial point, as in Fig. 2, so
that any jerking of the chain will not disturb the pin at which he
is holding. The rear-chainman, with his eye over the point,
places the head-chainman in line with some object, such as a

HEAD-CHAINMAN. REAR-CHAINMAN,
F1G. 2. MEASURING A HORIZONTAL LINE WITH A CHAIN.

sighting-rod, which marks the other end or some point on the
line. When the head-chainman is nearly in line he takes a pin
and, standing to one side of the line, holds it upright on the
ground a foot or so short of the end of the chain and the rear-
chainman motions him to the right or left until his pin is on the
line. 'When the head-chainman has the pin in line he stretches
the chain taut, seeing that there are no “kinks” and that no ob-
structions cause bends in the chain. The rear-chainman at the
same time holds his end of the chain at his pin and when he
calls out, ¢ All right here,” the head-chainman stretching the



8 MEASUREMENT OF LINES [Caar. I

chain past his line pin, removes this line pin, places it at the end
of the chain, as’ in Fig. 2, and presses it vertically into the
ground. When the chainmen are experienced the pin may be
set for both line and distance at the same time. When the pin
is in place the head-chainman calls, ¢ All right,” the rear-chain-
man takes the pin left at his end of the line and they proceed to
the next chain-length. The pin that the rear-chainman has is a
record of the first chain-length. Just before reaching the second
pin the rear-chainman calls out, “Chain,” to give the head-chain-
man warning that he has nearly reached a chain-length. The
process of lining in the head-chainman and measuring a
chain-length is then repeated. When the third pin is stuck in
the ground the rear-chainman pulls the second pin ; in this way
the number of pins the rear<chainman holds is a record of the
number of chain-lengths measured. There is always one pin
in the ground which simply marks the distance and is not
counted.

When 10 chains have been measured the head-chainman will
be out of pins and calls to the rear-chainman, who brings for-
ward 10 pins. The pins are then counted by both chainmen.
Every time 10 chains are measured a record of it is made in
note-books kept by both men and the process is repeated until the
end of the line is reached.

In measuring the fraction of a chain the head-chainman holds
his end of the chain at the required point and the fractional
distance is read by the rear-chainman at the last pin. In some
kinds of work, however, it is more convenient to draw the chain
ahead past the end point and, while the rear-chainman holds his
end of the chain at the last pin, the head-chainman reads the
fractional measurement. The links are read by counting from
the proper tag and the tenths of a link are estimated. Great
care should be taken to count the tags from the proper end of
the chain since the 10-ft. points each side of the center, as has
been explained, are marked alike.

It can be easily shown that if a pin is placed a few tenths of
a foot to the right or left of the line the resulting error in the
distance is very small and consequently “liningin” by eye is
accurate enough, so far as the distance is concerned. But when
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any side measurements or angles are to be taken the points
should be set accurately on line by means of a transit instrument.

The chain should always be kept stretched out full length;
it should never be doubled back on itself as it may become
tangled and the links bent.

Much time can be saved if the headchainman will pace the
chain-length and then place himself very nearly in the line by
means of objects which he knows to be on line as, for example,
the instrument, a pole, or the last pin. The beginner should
pace, several times, some line of known length so as to deter-
mine approximately how many steps he takes in 100 ft. In
doing this he should take his natural step and avoid any attempt
to take steps just 3 ft. long.

11. Measurement of a Horizontal Line with a Chain on Slop-
ing Ground. — If the measurement is not on level ground the
chain must be held horizontal and the distance transferred to
the ground by means of a plumb-line. This is difficult to do
accurately and is a fruitful source of error. Beginners usually
hold the downhill end of the chain too low. Horizontal lines
on buildings are very useful in judging when the chain is level
Since it is supported only at the ends its weight will cause
it to sag so that the distance between the ends is less than
a chain-length. The pull exerted on the chain should be such
that it will stretch enough to balance as nearly as possible the
shortening due to sag. _

Whenever a slope is so steep that the chainman on the lower
end cannot plumb high enough to keep the chain horizontal the
measurement must be made in sections, 50-ft., 20-ft., or even 10-
ft. lengths being used. Mistakes will be avoided if the rear-chain-
man comes forward at each measurement and hclds the same
fractional point on the chain that the head-chainman held, and
so on until a whole chain-length has been measured. In this
way it will be unnecessary to count the fractional distances, but
care should be taken that these pins which marked the inter-
mediate points are returned to the head-chainman so that the
count of the chain-lengths will not be Jost. Chaining downhill
will, in general, give more accurate results than chaining uphill,
because in the former case the rear end is held firmly at a point
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on the ground so that the head-chainman can pull steadily on
the chain and transfer the distance to the ground by means of
the plumb-line ; in the latter case the rear-chainman is plumbing
his end of the chain over the point and it is difficult to hold it
steady. The result is that the head-chainman cannot easily judge
where the pin should be placed.

12. MEASUREMENT WITH A STEEL TAPE. — In measuring
with the steel tape the process is similar to that described for
the chain. As the tape is used for more precise work than the
chain it is necessary to employ more exact methods of marking
the intermediate points. In some cases stakes are driven into
the ground and tacks or pencil marks used to mark the points.
A small nail pressed into the ground so that the center of the
head is in the proper position makes a good temporary mark, but
of course is easily lost. In measuring on the surfaces of hard
roads, spikes are used for permanent marks.

Measurements of important lines which are not checked by
some geometric test should be checked by repeating the meas-
urement, and in such a way as not to use the same intermedi-
ate points taken in the first measurement.*

Where distances are to be measured continuously from the
initial point of a line without regard to angles in the line, as in
railroad surveys, it is customary to establish the 1oo-ft. points.
Mistakes will often be avoided by setting the 100-ft. points as fol-
lows : — suppose an angle to occur at 870.1 ft. from the point of
beginning ; this would be called «Station 8 4+ 70.1.” To set
«Station 9" the 70.1-ft. point of the tape should be held on stake
8 4+ 7o.1 and the stake at station g placed at the roo-ft. point
of the tape. This is preferable to making a measurement of
29.9 ft. from the zero end of the tape.

#* In measuring with the tape some prefer to make a series of measure
ments between points set in the ground a little less than 100 ft. apart, summing
up the partial measurements when the end of the line is reached. This guards
against the mistake of omitting a whole tape-length. Another advantage is that
it is easier to read the distance to a fixed point than to set a point accurately at
the end of the tape; this is especially true in measurements where plumbing is
necessary. This method takes less time than the usual method, but it is not
applicable when it is necessary to mark the 100-ft. points on the line.




ERRORS AND MISTAKES IN MEASURING II

13. COMMON SOURCES OF ERROR IN MEASUREMENT OF
LINES. —

Not pulling chain or tape taut.
Careless plumbing.

Incorrect alignment.

Effect of wind.

Variation in temperature.
Erroneous length of chain or tape.

Qv p N

14. COMMON MISTAKES IN READING AND RECORDING
MEASUREMENTS. —

1. Failure to observe the position of the zero point of the tape.
(In some tapes it is not at the end of the ring.)

2. Omitting a whole chain- or tape-length.

3. Reading from wrong end of chain, as 40 ft. for 6o ft., or in
the wrong direction from a tag, as 47 ft. for 53 ft.

4. Transposing figures, e.g., 46.24 for 46.42 (mental); or read-
ing tape upside down, e.g., 6 for g, or 86 for g8.

5. Reading wrong foot-mark, as 48.92 for 47.92.

15. AVOIDING MISTAKES. — Mistakes in counting the tape-
lengths may be avoided if more than one person keeps the tally.
Mistakes of reading the wrong foot-mark may be avoided by
noting not only the foot-mark preceding, but also the next fol-
lowing foot-mark, as, “ 46.84 . . . 47 feet,” and also by holding
the tape so that the numbers are right side up when being read.

In calling off distances to the note keeper, the chainman
should be systematic and always call them distinctly and in such
terms that they cannot be mistaken. As an instance of how
mistakes of this kind occur, suppose a chainman calls, “ Forty-
nine, three ;" it can easily be mistaken for « Forty-nine feet.”
The note keeper should repeat the distances aloud so that the
chainman may know that they were correctly understood. It
is frequently useful in doubtful cases for the note keeper to use
different words in answering, which will remove possible ambi-
guity. For example, if the chainman calls, « Thirty-six, five,”
the note keeper might answer, ¢ Thirty-six and a half.” If the
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chainman had meant 36.05 the mistake would be noticed
The chainman should have called in such a case, “Thirty-six
naught five.”” The following is a set of readings which will
be easily misinterpreted unless extreme care is taken in calling
them off.

40.7 — “Forty and seven.”

47.0 — “Forty seven naught.”

40.07 — « Forty, — naught seven.”

All of these might be carelessly called off, ¢ Forty-seven.”

In all cases the chainmen should make mental estimates of
the distances when measuring, in order to avoid large and ab-
surd mistakes.

16. ACCURACY REQUIRED. — If, in a survey, it is allowable
to make an error of one foot in every five hundred feet the chain
is sufficiently accurate for the work. To reach an accuracy of 1
in 1000 or greater with a chain it is necessary to give careful
attention to the pull, the plumbing, and the deviation from the
standard length. With the steel tape an accuracy of 1 in 5000
can be obtained without difficulty if ordinary care is used in
plumbing and aligning, and if an allowance is made for any con-
siderable error in the length of the tape. For accuracy greater
than about 1 in 10,000 it is necessary to know definitely the tem-
perature and the tension at which the tape is of standard length
and to make allowance for any considerable variation from these
values. - While the actual deviation from the U. S. Standard
under ordinary conditions may be 1 in 10,000, still a series of
measurements of a line taken under similar conditions may
check themselves with far greater precision.

17. AMOUNT OF DIFFERENT ERRORS. — The surveyor
should have a clear idea of the effects of the different errors on
his results. For very precise work they should be accurately
determined, but for ordinary work it is sufficient to know
approximately the amount of each of them. A general idea of
the effect of these errors will be shown by the following.

18. Pull. — At the tension ordinarily used, the light steel
tape will stretch between 0.01 and 0.02 ft. in 100 ft. if the pull
is increased 10 pounds.
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19. Temperature. — The average coefficient of expansion for
a steel tape is nearly 0.0000063 for 1° F. Hence a change of
temperature of 15° produces nearly o.o1 ft. change in the length
of the tape. Tapes are usually manufactured to be of standard
length at 62° F., with a pull of 12 lbs. on them while supported
throughout their entire length.

20. Alignment. — The error in length due to poor alignment
can be calculated from the approximate formula

B o*

c—a=—
2¢

where 4 is the distance of the end of the tape from the line, ¢ is
the length of the tape, and 2 is the distance along the straight
line. For example, if one end of. a 100-ft. tape is held 1 ft. to

one side of the line the error produced in the length of the line
2

I
. _r o _ 1 .
will be 25100 = 9095 ft., (about 4} inch). The correction

to be applied to the distance when the two ends of the tape are
not at the same level is computed in the same way.

21. Sag.—If a tape is suspended only at the ends it will hang
in a curve which is known as the “catenary.” Onaccount of this
curvatare the distance between the end points is evidently less
than the length of the tape. The amount of this shortening,
called the effect of sag, depends upon the weight of the tape, the
distance between the points of suspension, and the pull exerted

® In the right triangle,
3—al= A,
(c + a) (c —a) =42
assuming ¢ = ¢ and applying it to the first parenthesis only,

2 ¢ (¢ — a) = A? (approximately)

A . < N

c—a=,, (approximately)
A a

Similarly ¢ — a = (approximately)

1t is evident that the smaller 4 is in comparison with the other two sides the
more exact will be the results obtained by this formula. This formula is even cor-
rect to the nearest §; ft. when 4 = 14 ft. and ¢ = 100 ft,, or when 4 = 3o ft.
and ¢ = 3oo ft,
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at the ends of the tape. With a 12-lb. pull on an ordinary 100-
ft. steel tape supported at the ends the effect of sag is from
ooj ft. to .01 ft.

22, Effect of Wearing on Length of the Chain.— When a
chain is new it is very nearly the standard length. During
its first use the links become bent and the chain thus shortened.
But there are nearly six hundred wearing surfaces and before
long the small amount of wear on each surface lengthens the
chain an appreciable amount. It is very common to find chains
which, after considerable use, have lengthened 0.3 ft. or more.

23. ACCURACY OF MEASUREMENTS. — In surveying we are
dealing entirely with measurements. Since absolute accuracy
can never be attained, we are forced to make a careful study of
the errors of measurement. Extremely accurate measurements
are expensive, and the cost of making the survey usually limits
its accuracy. On the other hand, if a given degree of accuracy
is required, the surveyor must endeavor to do the work at a
minimum cost. In most surveys certain measurements are far
more important than others and should therefore be taken with
more care than the relatively unimportant measurements.

The surveyor should distinguish carefully between errors
which are of such a nature that they tend to balance each other
and those which continually accumulate. The latter are by far
the more serious. Suppose that a line 5000 ft. long is measured
with a steel tape which is o.o01 ft. too long and that the error in
measuring a tape-length is, say, 0.02 ft., which may of course be a
+ or a — error. There will then be 50 tape-lengths in the 5000-
ft. line. A study of the laws governing the distribution of ac-
cidental errors (Method of Least Squares) shows that in such a
case as this the number of errors that will probably remain uncom-
pensated is the square root of the total number of opportunities
for error, i.e., in the long run this would be true. Hence
the total number of such uncompensated errors in the line is 7;
and 7 X 0.02 = 0.14 ft., which is the total error due to inaccuracy
in marking the tape-lengths on the ground. Since the error due
to erroneous length of tape increases directly as the number of
measurements, and since these errors are not compensating, the
total error in the line due to the fact that the tape is 0.01 ft. too
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long is 50 X 0.01 = o0.50 ft. The small (0.01) accumulative
error is therefore seen to have far greater effect than the larger
(0.02) compensating error.

PROBLEMS,

1. A distance is measured with an engineer’s chain and found to be 796.4 ft.
The chain when compared with a standard is found to be o.27 ft. too long. What
is the actual length of the line?

2. A metallic tape which was originally 5o ft. is found to be 5o.14 ft. long.
A house 26 ft. X 30 ft. is to be laid out. What measurements must be made,
using this tape, in order that the house shall have the desired dimensions ?

3 A steel tape is known to be 100.000 ft. long at 62° F. with a pull of 12 lbs.
and supported its entire length. Its coefficient of expansion is 0.0000063 for 1° F.
A line was measured and found to be 142.67 ft. when the temperature was 8°
below zero. What is the true length of the line?

4. In chaining down a hill with a surveyor’s chain the head-chainman held
his end of the chain 1.5 ft. too low. What error per chain-length would this
produce ? .

5. In measuring a line with a too-ft. tape the forward end is held 3 ft, to the
side of the line. What is the error in one tape-length ?



CHAPTER II.

MEASUREMENT OF DIRECTION.

24. THE SURVEYOR’S COMPASS. — The surveyor's compass
(Fig. 3) is an instrument for determining the direction of a line
with reference to the direction of a magnetic needle. The needle
is balanced at its center on a pivo? so that it swings freely in
a horizontal plane. The pivot is at the center of a horizontal
circle which is graduated to degrees and half-degrees, and num-
bered from two opposite zero points each way to go°. The zero
points are marked with the letters N and S, and the go° points
are marked E and W. The circle is covered with a glass plate
to protect the needle and the graduations, the part enclosed
being known as the compass-box. A screw is provided for
raising the needle from the pivot by means of a lever. The
needle should always be raised when the compass is lifted or
carried, to prevent dulling the pivot-point; a dull pivot-point
is a fruitful source of error. Both the circle and the pivot
are secured to a brass frame, on which are two vertical sights
so placed that the plane through them also passes through
the two zero points of the circle. This frame rests on a tripod
and is fastened to it by means of a ball-and-socket joint. On
the frame are two spirit levels at right angles to each other,
which afford a means of leveling the instrument. This ball-and-
socket joint is connected with the frame by means of a spindle
which allows the compass-head to be revolved in a horizontal
plane, and to be clamped in any position.

The magnetic needle possesses the property of pointing in a
fixed direction, namely, the Magnetic Meridian. The horizontal
angle between the direction of this meridian and of any other
line may be determined by means of the graduated circle, and
this angle is called the Magnetic Bearing of the line, or simply
its Bearing. By means of two such bearings the angle between
two lines may be obtained. Bearings are reckoned from o° to 9o°,

16
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the o° being either at the N or the S point and the go° either
at the E or the W point. The quadrant in which a bearing
falls is designated by the letters N.E, S.E, S'W, or N.W.
For example, if a line makes an angle of 20° with the meridian
and is in the southeast quadrant its bearing is written S 20° E.
Sometimes the bearing is reckoned in a similar manner from

|
|

{

F1G.8. SURVEYOR's COMPASS.
the geographical meridian, when it is called the true bearing.
- In general this will not be the same as the magnetic bearing.
True bearings are often called azimuths, and are commonly
reckoned from the south point right-handed (clockwise) to 360°;
ie, a line running due West has an azimuth of 9o°, a line due
North an azimuth of 180°. Sometimes, however, the azimuth
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is reckoned from the north as in the case of the azimuth of the
Pole-Star (Art. 206, p. 180).

25. THE Pocker Compass. — The pocket compass is a small
hand instrument for obtaining roughly- the bearing of a line.
There are two kinds, the plain and the prismatic. The former
is much like the surveyor’s compass, except that it has no sights.
In the prismatic compass the graduations, instead of being on
the compass-box, are on a card which is fastened to the needle
(like a mariner’s compass) and which moves with it This com-
pass is provided with two short sights and the bearing can be
read, by means of a prism, at the same instant that the compass
is sighted along the line.

26. METHOD OF TAKING A MAGNETIC BEARING.— The
surveyor’s compass is set up (and leveled) at some point on the
line whose bearing is desired. The needle is let down on
the pivot ; and the compass is turned so that the sights point
along the line. While looking through the two sights the sur-

Bearing of AB Bearu'gofAB
S60'W N45°W

F1G. 4. DI1AGRAM ILLUSTRATING READING OF BEARINGS.

veyor turns the compass-box so that they point exactly at a
lining pole or other object marking a point on the line. The
glass should be tapped lightly over the end of the needle to be
sure that the latter is free to move. If it appears to cling to
the glass this may be due to the glass being electrified, which
condition can be removed at once by placing the moistened fin-
ger on the glass. The position of the end of the needle is then
read on the circle and recorded. Bearings are usually read to
the nearest quarter of a degree.

Since the needle stands still and the box turns under it, the
letters E and W on the box are reversed from their natural
position so that the reading of the needle will not only give the

DD
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angle but also, the proper quadrant. Reference to Fig. 4 will
show the following rule to be correct : — When the north point
of the compass-box is toward the point whose bearing is desired,
read the north end of the needle. When the south point of the
box is toward the point, read the south end of the needle. Ifa
bearing of the line is taken looking in the opposite direction it
is called the reverse bearing.

Since iron or steel near the instrument affects the position
of the needle, great care should be taken that the chain, axe, or
marking pins are not left near the compass. Small pieces of
iron on the person, such as keys, iron buttons, or the iron wire in a
stiff hat, also produce a noticeable effect on the needle. Electric
currents are a great source of disturbance to the needle and in
cities, where electricity is so common, the compass is practically
useless.

In reading the compass-needle, the surveyor should take
care to read the farther end of the needle, always looking along
the needle, not across it. By looking at the needle sidewise it is
possible to make it appear to coincide with a graduation which is
really at one side of it. This error is called parallazx.

27. THE EARTH'S MAGNETISM. — Dip of the Needle. — The
earth is a great magnet. On account of its magnetic influence
a permanent magnet, such as a compass-needle, when freely
suspended will take a definite direction depending upon the
direction of the lines of magnetic force at any given place and
time. If the needle is perfectly balanced before it is magnetized
it will, after being magnetized, dip toward the pole. In the
northern hemisphere the end of the needle toward the north
pole points downward, the inclination to the horizon being slight
in low latitudes and great near the polar region. In order to
counteract this dipping a small weight, usually a fine brass wire,
is placed on the higher end of the needle at such a point that
the needle assumes a horizontal position.

28. DECLINATION OF THE NEEDLE. — The direction which
the needle assumes after the counterweight is in position is
called the magnetic meridian and rarely coincides with the true
meridian. The angle which the needle makes with the true me-
ridian is called the dec/ination of the meedle. When the north
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end of the needle points east of the true, or geographical, north
the declination is called eas?z,; when the north end of the needle
points west of true north it has a wesz declination.

29. Variations in Declination. — The needle does not con-
stantly point in the same direction. Changes in the value of the
declination are called variations of the declination.* The prin-
cipal variations are known as the Secular, Daily, Annual, and
lrregular.

The Secular Variation is a long, extremely slow swing. It
is probably periodic in character but its period covers so many
years that the nature of it is not thoroughly understood. The
following table shows the amount of secular variation as observed
in Massachusetts during two centuries.

TABLE 2.
OBSERVED DECLINATIONS OF NEEDLE IN EASTERN MASSACHUSETTS.}
YEAR. DECLINATION,
1700 10° 31’ W,
1750 7° 13’ W.
1800 6° 28’ W.
1850 9° 10’ W,
1900 12° 0o’ W.

In the United States all declinations are now increasing (except
those in the region just west of the agonic line) at an average
rate of about 3 minutes per year.

The Daily Variation consists of a swing which averages
about 7 minutes of arc from its extreme easterly position at
about 8 A.M. to its most westerly position at about 1.30 P.M.
It is in its mean position at about 10 A M. and at 5 or 6 P.M.
The amount of daily variation is from 3 to 12 minutes according
to the season and the locality.

The Annual Variation is a periodic variation so small (about
one minute a year) that it need not be considered in surveying
work.

* The angle called Declination by surveyors is usually called Pariation by
navigators. :

t See p. 107 of U. S. Coast and Geodetic Survey special publication entitled
«U. S. Magnetic Declination Tables and Isogonic Chart for 1902, and Principal
Facts Relating to the Earth’s Magnetism,” by L. A, Bauer, issued in 1902.
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Irregular Variations in the declination are due chiefly to
magnetic storms. They are uncertain in character and cannot
be predicted. They are, however, usually observed whenever
there is a display of the Aurora Borealis. Such storms often
cause variations of from ten to twenty minutes in the United
States and even more in higher latitudes.

30. Isogonic Chart. —If lines are drawn on a map so
as to join all places where the declination of the needle is the
same at a given time, the result will be what is called an ésogonic
chart. (See Fig. 5.) Such charts have been constructed by
the United States Coast and Geodetic Survey. While they do
not give results at any place with great precision they are very
useful in finding approximate values of the declination in differ-
ent localities.

An examination of the isogonic chart of the United States
shows that in the Eastern States the needle points west of north
while in the Western States it points east of north. The line of
no declination, or the agonic /ine, passes at the present time (1906)
through the Carolinas, Ohio and Michigan.

31. OBSERVATIONS FOR DECLINATION. — For any survey
where the value of the present declination is important, it should
be found by special observations. The value found at one place
may be considerably different from that of a place only a few
miles distant. The method of finding the declination by ob-
servation on the Pole-Star (Polaris) is described in Art. 210, p.187.

ADJUSTMENTS OF THE COMPASS.

32. The three adjustments which need to be most frequently
made are (1) adjusting the bubbles, (2) straightening the needle,
(3) centering the pivot-point.

33. ADJUSTMENT OF THE BUBBLES. — To make the Plane
of the Bubbles Perpendicular to the Vertical Axis.— Level the in-
strument in any position. Turn 180° about the vertical axis
and, if the bubbles move from the center, bring each half-way
back by means of the adjusting screws; and repeat the process
until the desired fineness of adjustment is secured.

34. DETECTING ERRORS IN ADJUSTMENT OF THE NEEDLE.
— If the readings of the two ends of the needle are not 180°
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apart, this may be due to the needle being bent, to the pivot-
point not being in the center of the graduated circle, or to both.
If the difference of the two readings is the same in whatever
direction the compass is turned, it
follows that the needle is bent but
the pivot-point is in the center of the
circle. (See Fig.6.) The bent needle
is represented by the line 408 and
the position of a straight needle shown
by the line AOC. In the two positions
shown it is seen that the difference in
readings will be the same, ie., arc
CB =arc C’B'. If the difference of
Fic. 6. BENT Compass- the readings varies as the compass
NEEDLE. is turned around it follows that the
pivot-point is not in the center, and the needle may or may
not be bent. Suppose the needle is straight but the pivot is
not in the center, then the effect in different parts of the circle
is shown in Fig. 7. When the needle is in the position 4D,
perpendicular to CC’, (where Cis b N 8
the true center and (' is the o
position of the pivot-point), then N
‘the error is a maximum. If Bis /
a point 180° from A then the dif- /
ference of the two readings is BD. £ c]
When the needle is at 4’0’ the
error is less than before and equals /
B'DY. When the needleis inthe 4
line CC, i.e., in the position A”” D",
the ends read alike. rer
. . M
In making these adjustments FiG. 7. PIVOT-POINT OUT OF
it is better to first straighten the ~ CENTER.
needle, because the error due to
the needle being bent can be detected independently of the
error of the pivot.
35. TO STRAIGHTEN THE COMPASS-NEEDLE.— Level the
instrument and let the needle down on the pivot. Remove the
glass cover. By means of a brass wire or a light stick of wood

3 o°
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steady the needle so that one end of it, say the south end, is
opposite some graduation on the circle as 4 in Fig. 8. Note
the position of the north end of the needle C. Now, without mov-
ing the compass itself, turn the needle around so that the north
end is at the graduation 4. Hold it in this position with the
brass wire and read the position of the south end C’. One-
half the difference of the readings, or, the distance C’D is the
p C amount by which the needle is bent.
¢ Carefully remove the needle from the
pivot and bend it by the amount C'D
in the direction which will move the
south end half-way back from C’
toward C. It is better not to touch
the needle with the hands more than
is absolutely necessary as this weakens
the magnetism. Instrument makers
usually leave the central part cf the
A needle quite soft so that it can be
Fic. 8, STRAIGHTENING THE easily bent in making this adjustment.
ComPAss-NEEDLE. Since the amount by which the
needle is bent is a matter of estimation it should be replaced
on the pivot and the test repeated until it is found that reversing
the needle does not change the readings.

36. To CENTER THE PIVOT-POINT. — If the difference of
readings of the two ends of ‘the needle vdries in different parts
of the circle it is due to the pivot-point being out of center.
Take readings of the two ends of the needle in various positions
of the compass and find the position of the needle in which the
difference of the two readings is gréatest (Art. 34, p. 25). The
pivot is to be bent at right angles to this direction an amount
equal to half this difference. Remove the needle and bend the
pivot by means of a pair of small flat pliers. Replace the needle
and see if the difference of end readings is zero. If not,
the pivot must be bent until this condition is fulfilled. As the
pivot may become bent somewhat in a direction other than that
intended, a complete test for adjustment must be made again,
and the process continued until the difference in the readings of the
ends of the needle is zero in all positions of the compass. The
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metal at the base of the pivot is left soft so that it can be easily
bent.

37. TO REMAGNETIZE THE NEEDLE. — Rub each end of
the needle from the center toward the end several times with a
bar-magnet, using the N end of the magnet for the S end of the
needle and vice versa. (The N end of the magnet attracts the
S end of the needle and repels its N end.) When the magnet
is drawn along the needle it should move in a straight line,
parallel to the axis of the needle. 'When returning the bar from
the end of the needle toward the center, lift it several inches
above the needle as indicated in Fig. 9.

F1G. 9. REMAGNETIZING THE COMPASS-NEEDLE.,

38. COMMON SOURCES OF ERROR IN COMPASS WORK., —

1. Iron or steel near compass.
2. Parallax in reading needle.

39. COMMON MISTAKES, —
1. Reading wrong end of needle.
2. Not letting needle down on pivot.

3. Reading the wrong side of the 10oth degree,
viz., reading 61° instead of 59°.
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40. DETECTING LOCAL ATTRACTION OF THE NEEDLE.— As
the needle is always affected by masses of iron near the compass
it is important that the bearings in any survey should be checked.
This is most readily done by taking the bearing of any line from
both its ends or from intermediate points on the line. If the two
bearings agree it is probable that there is no local magnetic dis-
turbance. If the two do not agree it remains to discover which
is correct.

In Fig. 10 suppose that the compass is at 4 and that the

Fi16. 10, DIAGRAM ILLUSTRATING LOCAL ATTRACTION AT A.

bearing of AB is N 50°} E, and with the compass at B the
bearing BA is found to be S 49° W. It is evident that there is
local attraction at one or both points. In order to ascertain the
correct magnetic bearing, turn the compass toward a point C which
is apparently free from magnetic disturbance, and observe the
bearing of BC, which is, say, S 72° E. Now move the compass
to Cand observe the bearing CB. If this is N 72° W it indi-
cates that there is no local attraction at C or B, hence S 49° W
is the correct bearing of line B4, and there is 1°} error in all
bearings taken at 4. If the bearings of BC and CB had not
agreed it would have been necessary to take the bearing and
reverse bearing of a new line CD. This process is continued
until a line is found whose bearing and reverse bearing differ by
exactly 180°.
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41. CALCULATING ANGLES FROM BEARINGS. —In calcu-
lating the angle between two lines it is necessary only to
remember that the bearing is in all cases reckoned from the
meridian, either N or S, toward the E and W points. In Fig. 11,

Y

AOB = difference of bearings. 8
AOC = 180° — sum of bearings. .
AOD = 180° — difference of bear- w €
ings.
AOF = sum of bearings.
Cc
> s
FiG. 11,

PROBLEMS.

1. Compute the angle 408 from the given bearings in each of the following
cases.

(a) 04, N 39°t E. (c) 04, N15° E.
0B, N 76°} E. 0B, S 36° E.

(b) 04, N 35°15’ E. (d) 04, N 40° 15’ E.

. 0B, S88 00 W. OB, N 66° 45’ W.

2. The bearing of one side of a field in the shape of a regular hexagon is
S 10°4 E. Find the bearings of the other sides taken around the field in order.

3. (a) In1859a certain line had a bearing of N 21° W, The declination of
the needle at that place in 1859 was 8° 39’ W. In 190z the declination was
10° 58’ W. What was the bearing of the line in 1902 ?

(b) In 1877 a line had a bearing of N 89° 30’ E. The decliiation was
0° 13’ E. In19oz the declination was 1° 39’ W. Find the bearing of the line
in 1902,

(c) At a certain place the declination was 4° 25’ W in 1700, 1° 39" W in 1750,
" o 21’ E in 1800, 1° 03’ W in 1850, 4° 00’ W in 1goo. If a line had a bearing of
S 65°% W in 1900, what was its bearing in 1700, 1750, 1800, and 1850?

4. The following bearings were observed with a compass : AB,N 27°} E;
BA, S 25°4 W; BC, S 8° W; CB N 87°3 E; CD, N 47° W; DC, S 47°t E.
Find the true bearing of A8.. Where is the local attraction ? Which way is the
peedle deflected at each point, and how much ?




CHAPTER III.
MBASUREMENT OF ANGLES.
THE TRANSIT.

42. GENERAL DESCRIPTION OF THE TRARSIT. — The en-
gineer’s transit is an instrument for measuring horizontal and
vertical angles. A section of the transit is shown in Fig. 12.

a

F1G. 12, SECTION OF TRANSIT.

4, inner spindle ; B, outer spindle; C, upper plate; D, lower plate; £, graduated
circle ; F, vernier ; G, magnetic needle ; 4, upper clamp (turned 9o® from its nor-
mal position so as to show in section, corresponding tangent screw not shown);
/i lower clamp ; X, lower tangent screw; Z, leveling screws ; A, ball-and-socket
joint; A, shifting head ; O, base of transit.
Two spindles, one inside the other, are each attached to a hori-
wntal circular plate, the outer spindle being attached to the
lower plate and the inner one to the upper plate. Except in
some older instruments, the lower plate carries a graduated
crcle and the upper plate carries the vermiers for reading the
crcle. On this upper plate are two uprights or stendards

31
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supporting a horizontal axis. The length of the telescope and
the height of the standards are commonly such as to allow the
telescope to make a complete rotation on its horizontal axis.
The motion of this axis is usually controlled by a clamp and a
slow-motion screw called a fangent screw. In older instruments
this often consisted of two opposing screws; in modern instru-
ments it usually consists of a single screw with an opposing
spring. At the center of the horizontal axis is a telescope
attached at right angles to it.

For leveling the instrument, there are two spirit levels on the
upper plate, one parallel and the other at right angles to the hori-
zontal axis. The spirit level which is parallel to the axis is the
more important one because it controls the position of the hori-
zontal axis of the telescope ; it should be and generally is made
more sensitive than the other. In the transit, the leveling is
done by means of four (sometimes three) leveling screws.

The upper plate is usually provided with a magnetic needle
and a graduated circle so that the transit may be used as a com-
pass. The lower spindle is attached to the base of the instru-
ment by means of a ball-and-socket joint the same as in the
compass. Both the upper and lower plates are provided with
clamps for holding them in any desired position and with tan-
gent screws for making exact settings.

At the center of the balland-socket joint is a ring to which the
plumb-line may be attached. The plumb-bob used with the tran-
sit is generally heavier than that used in taking tape measure-
ments. Modern transits are so made that the entire head of the
instrument can be shifted laterally with reference to the tripod
and can thus be readily placed exactly over a point on the
ground.

The horizontal circle is usually graduated either to half-degrees
or to 2o-minute spaces. The graduations are often numbered
from 0° to 360° by two rows of figures running in opposite direc-
tions. In some transits they are numbered from 0° to 360° in a
right-hand direction and, by a second row of figures, from o°
each way to 180°; and still others (older types) are numbered
from 0° to go° in opposite directions, like a compass circle.
Transits are all provided with two opposite verniers.
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THE TRANSIT

ENGINEER’S TRANSIT.
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43. The normal or direct position of
the transit is with the upper clamp and its
tangent screw nearcst the observer and the
focusing screw of the telescope on the right-
hand side (in some instruments, on top) of
the telescope. When the instrument is
turned 180° in azimuth from the direct
position and the telescope is znverted (turned
over about the horizontal axis) it is said to
be in the reversed position.

44. If the telescope is provided with a
long level tube and a vertical circle, or arc,
it is called an Engincer's Transit, or Sur-
veyor's Transit. (Fig. 13.) If it does not
have these attachments it is called a Plairn
Transit.

45. THE TELESCOPE. The essential
parts of the telescope are the odjective, the
cross-hairs, and the eyepicce.  (See Fig. 14.)

The line of sight, or /ine of collimation,
is the straight line drawn through the op-
tical center of the objective and the point
of intersection of the cross-hairs. When
light from any point A4 falls on the objective,
the rays from A4 are bent and brought to a
focus at a single point B called the image.
The only exception to this is in the case
when A4 is on the optical axis; the ray
which coincides with the optical axis is not
bent. The cross-hairs are placed in the
telescope tube near where the image is
formed, as shown in Fig. 14. The objective
is screwed into a tube, which is inside the
main tube and which can be moved by means
of a rack-and-pinion screw so as to bring the
plane of the image of the object into coinci-
dence with the plane of the cross-hairs. The
instrument is so constructed that the motion

. NMOW D S
IR i
ARRUNARNN

>
)
G %

LONGITUDINAL SECTION OF A TRANSIT TELESCOPE,

FiG. 14.
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of this tube is parallel to the line of sight. The eyepiece is
simply a microscope for viewing the image and the cross-hairs.
When the plane of the image coincides with the plane of the
cross-hairs, both can be viewed at the same instant by means of
the eyepiece. Theadjustment of the eyepiece and the objective,
to enable the cross-hairs and the image to be clearly seen at
the same time, is called focusing.

In focusing, first the eye-piece tube is moved in or out until the
cross-hairs appear distinct ; then the objective is moved until the
image is distinct.  If it is found that the cross-hairs are no longer
distinct after moving the objective the above process is repeated
until both image and cross-hairs are clearly seen at the same
instant. The focus should be tested for parallax by moving the
eye slightly from one side to the other ; if the cross-hairs appear to
move over the image the focus is imperfect. In focusing on ob-
jects at different distances it should be remembered that the
nearer the object is to the telescope, the farther the objective must
be from the cross-hairs ; and that for points near the instrument
the focus changes rapidly, i.e., the objective is moved consider-
ably in changing from a focus on a point 10 ft. away to one
20 ft. away, whereas for distant objects the focus changes very
slowly, the focus for 200 ft. being nearly the same as that for
2000 ft. An instrument can be quickly focused on a distant
object if the objective is first moved in as far as it will go and
then moved out slowly until the image is distinct. The objec-
tive should not be moved too rapidly as it may pass the correct
position before the eye can detect the distinct image. If anin-
strument is badly out of focus it may be pointing directly at an
object and yet the image may not be visible.

46. The Objective. — The objective might consist of a simple
bi-convex lens, like that shown in Fig. 15, which is formed by
the intersection of two spheres. The line OO’ joining the
centers of the two spheres is called the optical axis. If rays
parallel to the optical axis fall on the lens those near the edge of
the lens are bent, or refracted, more than those near the center,
so that all the rays are brought to a focus (nearly) at a point ¥
on the optical axis called the principal focus. 1f light falls on
the lens from any direction there is one of the rays such as
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AC or BD which passes through the lens without permanent
deviation, i.e., it emerges from the other side of the lens parallel
to its original direction. All such rays intersect at a point X on
the optical axis which is called the optical center.

A simple bi-convex lens does not make the best objective
because the rays do not all come to a focus at exactly the same
point. This causes indistinctness and also color in the field of

A
° ~. /
/

"4
X OPTICAL AXIS

F16. 156. B1-CONVEX LENS.

view, particularly near the edges. This difficulty is overcome
by using a combination of lenses, consisting of “crown” and
“flint” glass as shown in Fig. 14, which very nearly corrects
these imperfections.

The position of the image of any point is located on a straight
line (nearly) through the
point and the optical center ;
hence it will be seen that
the image formed by the
objective is inverted.

47. Cross-Hairs. — The
cross-hairs consist of two
very fine spider threads
stretched across a metallic
ring at right angles to each
other and fastened by means
of shellac. The cross-hair ring (Fig. 16) is held in place by
four capstan-headed screws which permit of its being moved

F1G6. 18. Cross-HAIR RING.
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vertically or horizontally in the telescope tube. The holesin the
tube through which the screws pass are large enough to allow
some motion of the ring in adjusting.

48. Eyepiece. — The eyepiece of the ordinary transit tele-
scope may be either of two kinds, that which shows an inverted
image or that which shows an erect image. An erecting eyepiece
requires two more lenses than the inverting eyepiece, which add
to its length and also absorb light ; but in spite of these disad-
vantages the erecting eyepiece is generally used on ordinary
transits. It will be seen, however, that with the same length of
telescope a greater magnifying power and a clearer definition of
the image can be obtained by the use of the inverting eyepiece.
These advantages are so important and the disadvantage of see-
ing objects inverted is so slight that inverting eyepieces should
be used more generally than they are at present.

49. Magnifying Power.— The magnifying power is the
amount by which an object is increased in apparent size. It is
equal ‘to :%ié,(or nearly equal to ;—1), A being the angle sub-
tended by an object as seen through the telescope and @ the
angle as seen by the unaided eye.

50. The magnifying power may be measured in two ways.
(1) The dimensions on a graduated rod will appear magnified
when viewed through a telescope. If, with one ‘eye at the tele-
scope, the rod is viewed directly with the other eye it will be
noticed that one space as viewed through the telescope will
appear to cover a certain number of spaces as seen with the naked
eye. This number is approximately the magnifying power of the
telescope. :

(2) Viewed through a telescope wrong-end-to, an object is re-
duced in apparent size in the same ratio that it is magnified when
seen through the telescope in the usual manner. Measure with
a transit some small angle 4 between distant points and then
place the telescope to be tested in front of the transit, with its
objective next the objective of the transit. Measure the angle a
between the same points ; this new angle will be smaller.  Then
tan } A
tan 4 @

the Magnifying Power = The magnifying power
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of the ordinary transit telescope is between twenty and thirty
diameters.

s1. Field of View.— The field of view is the angular space
that can be seen at one time through the telescope. It is the
angle subtended at the optical center of the objective by the
opening in the eyepiece. In the ordinary transit this angle is
about one degree, but in some instruments it is considerably
more.
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52. THE VERNIER. — The vemnier is a device for determin.-
ing the subdivision of the smallest division of a scale more accu-
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rately than can be done by simply estimating the fracticnal part.
It depends upon the fact that the eye can judge much more
exactly when two lines coincide than it can estimate a fractional
part of a space.

A simple form of vernier, shown in Fig. 17, is constructed
by taking a length equal to g divisions on the scale and dividing
this length into 10 equal parts. One space on the vernier is
then equal to % of a space on the scale, ie, it is 4% part
shorter than a space on the scale, hence @b = % of a space
on the scale, cd = #; of a space, etc. Now if the vernier is
raised until @ coincides with 4, i.e., until the first line on the
vernier coincides with the next higher line on the scale, then
the index line has moved over {; of a space and the reading
will be so1. If the vernier is moved % space higher then
line 2 coincides with the next higher line on the scale and
the reading is 502, as shown in Fig. 18. Similarly Fig. 19
shows reading 526. Thus it is seen that the number of the line
on the vernier which coincides with a line on the scale is the
number of tenths of the smallest division of the scale that the
index point (zero) lies above the next lower division on the scale.
Furthermore it will be seen from its construction that it is im-
possible to have more than one coincidence at a time on a single
vernier. The type of vernier just described is used on leveling
rods.

83. Verniers used on Transits.— In transits, since angles
may be measured in either direction, the verniers are usually
double, i.e., there is a single vernier on each side of the index
point, one of which is to be used in reading angles to the right,
and the other in reading angles to the left.

The vernier most commonly found on the transit reads to
one minute of arc (Fig. 20). When this vernier is used the
circle is divided into degrees and half-degrees. The vernier
scale is made by taking a length equal to 29 of the half-degree
spaces and subdividing it into 30 equal parts. Each space on
the vernier is then equal to $§ X 30’ =29’. Therefore the differ-
ence in length of one division on the circle and one division on
the vernier is equal to the difference between the 30’ on the
circle and the 29’ on the vernier, or one minute of arc. In
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Fig. 20 the zero of the vernier coincides with the 0° mark on
the circle. The first graduation on the vernier to the left of the
zero fails to coincide with the o° 30’ line by just 1’ of arc.
The second line on the vernier falls 2’ short of the 1° mark,
the third line 3’ short of the 1° 30’ mark, etc. If the vernier
should be moved one minute to the left the first line would coin-

30 VERNIER 30
A

CIRCLE

Fic. 20. ONE-MINUTE VERNIER SET AT O°.

cide and the reading would be o° or’. If the vernier were
moved one minute more the second line would coincide and
the reading would be 0° 02’, etc. Therefore the number of the
line on the vernier which coincides with some line on the circle
is the number of minutes to be added to 0°. After the vernier
has moved beyond the point where the 30’ line coincides, it
begins subdividing the next space of the circle, and we must
then add the vernier reading to o° 30’

The following figures show various types of vernier com-
monply used on transits.

VERNIER
0 A ‘ U

49

0 2150
70
CIRCLE

Fi1G. 21.
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Fig. 21.— Double vernier ‘reading to 1. Circle divided
into 30’ spaces. 29 divisions of the circle divided into 30 parts
to make one division of the vernier.

Reading, outer row of figures, 9° 16'.
Reading, inner row of figures, 350° 44’.

Since the vernier moves with the telescope, read the angle
on the circle in the same direction that the telescope has moved.
Read the number of degrees and half-degrees the index has
passed over and estimate roughly the number of minutes beyond
the last half-degree mark. Then follow along the vernier in the
same direction and find the coincidence. The number of this
line is the number of minutes to be added to the degrees and
half-degrees which were read from the circle. An estimate of
the number of minutes should always be made as a check against
large mistakes in reading the vernier or in reading the wrong
vernier. '

Fig. 22. — Double vernier reading to 30"”. Circle divided

0 VERNIER P
B

30 0
330
CIRCLE

FiG. 22.

into 20’ spaces. 39 divisions of the circle divided into 40 parts
to make one division of the vernier.

Reading, inner row of figures, 31° 17’ 30".
Reading, outer row of figures, 328° 42’ 30”.
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Fig. 23. — Single vernier reading to 20”. Circle divided
into 20’ spaces. 59 divisions of the circle divided into 60 parts
to make one division of the vernier.

Reading, 73° 48’ 40”.

VERNIER
20 A ' 4
10

CIRCLE
Fi1G. 28.

On account of the length of this vernier it is impracticable
to use a double vernier. Where it is desirable to read the
angles in either direction the circle has two rows of figures as
shown in Fig. 24.

Fig. 24.— Reading, inner row of figures, 73° 48’ 40".
Reading, outer row of figures, 266° 31’ 20”.

VERNIER

% a 2
10
il
I l'll|l||| Il
2% ggo
CIRCLE
FiG. 24.

It is evident that if angles are to be read «clockwise ” the
index at the right end of this vernier should be set at o°, If
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angles are to be measured in the opposite direction the index at
the left end should be set at 0°. To avoid this inconvenience of
resetting, some surveyors set the middle.line (10’ line) of the
vernier on 0° and disregard the numbering on the vemnier,
reading it as explained under Fig. 26.

Fig. 25.— Single vernier reading to 10”. Circle divided

fo VERNIER B {
5
o}
60
CIRCLE
FiG. 26.

into 10’ spaces. 59 divisions of the circle divided into 60 parts
to make one division of the vernier.

Reading, 59° 15’ 50”.

Fig. 26. — Single vernier reading in either direction to 1’.

10 CIRCLE 5
\ 5 ~

\ ‘ 20
2 % % 2 P
VERNIER
FiG. 26.

Circle divided into 30’ spaces. 29 divisions of the circle
divided into 30 parts to make one division of the vernier.

Reading, 2° 23’.
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This vernier is read like the ordinary 1’ vernier except that
if a coincidence is not reached by passing along the vernier in
the direction in which the circle is numbered, it is necessary to
go to the other end of the vernier and continue in the same
direction, toward the center, until the coincidence is found.
This vernier is used on the vertical circle of transits when the
space is too small for a double vernier.

There is another type of transit vernier, which is occasionally
used, in which the degree is divided into hundredths instead of
minutes.

54. ECCENTRICITY. — If the two opposite verniers of a tran-
sit do not read exactly alike it is usually due to a combination
of two causes, (1) because the center of the vernier plate does
not coincide with the center of the graduated circle, (2) because
the vernier zeros have not been set exactly 180° apart. The
first cause produces a variable difference while the second
produces a constant difference.

It will be noticed that the effect of these errors is similar
to that described in Art. 34, p. 25, on Adjustments of the Com-
pass ; the eccentricity of the circles of the transit corresponding

oo to the bent pivot of the compass
m and the error in the position of
+ the verniers of the transit corre-
A sponding to the bent needle of the

compass. ,

c With reference to the eccen-
tricity of the plates, let C in
Fig. 27 be the center of the
vernier plate and (' the center of
the circlee Let GF be a line
through the two centers. When

£E one vernier is at F and the

Fic. 1. ‘éf,fgfg RICITY OF " sther is at G the vernier readings

will be the same as though C
and C” were coincident, since the displacement of the center of
the circle occurs.in the direction of the lines of graduation at F
and G. If the telescope is then turned at right angles to its
former position, the verniers then being at D and E, the readings
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of opposite verniers will differ by the maximum amount. Suppose
that the graduations are numbered from o° right-handed to 360°.
When the vernier is at an intermediate position, as at A4, it will
be seen that it reads too much by the amount 44’. The opposite
vernier at B reads too little by the amount BB’. Since A8 and
A’'B’ are parallel, BB’ and AA’ are equal. Consequently the
mean of the two vernier readings will be the true reading and
the eccentricity is in this way eliminated. Since the effect of
eccentricity is never more than a very few minutes it is cus-
tomary to read the degrees and minutes on one vernier and the
minutes only on the other.

s5. In spite of the fact that the two verniers are not 180°
apart no error is introduced provided; (1) that the same vernier
is always used, or (2) that the mean of the two vernier readings
is always taken. But if vernier 4 is set and the angle is read
on vernier B an error does enter. Where only one vernier is
read always read the vernier that was set at O°,

In good instruments both of these errors are very small,’
usually smaller than the finest reading of the vernier.

USE OF THE TRANSIT.

56. SETTING UP THE TRANSIT. — In setting the transit
over a point, place one leg of the tripod in nearly the right posi-
tion on the ground, then grasp the other two and move the in-
strument in such a way as to bring the head over the point and
at the same time keep the plates of the instrument approximately
level, giving the tripod sufficient spread to insure steadiness.
The tripod legs should be pressed firmly into the ground. The
nuts at the top of the tripod legs should be tight enough so that
the legs are just on the point of falling of their own weight
when raised from the ground. If they are loose the instrument
is not rigid ; if they are too tight it is not in a stable condition
and may shift at any moment.

If the point is on sloping ground it is often convenient, and
usually insures greater stability, to set two legs on the down-
hill side and one leg uphill. When the center of the instrument
is over the point but the tripod head is not nearly level it can be
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leveled approximately without moving the instrument away from
the point by moving one, sometimes two, of the tripod legs in an
arc of a circle about the point. Nothing but practice will make
one expert in setting up the transit.

It is desirable to bring the instrument very nearly level by
means of the tripod ; this is really a saving of time because under
ordinary conditions it takes longer to level up by the leveling
screws than by the tripod. It also saves time on the next set-
up to have the leveling screws nearly in their mid position. If
the transit is set by means of the tripod, say, within 0.01 or 0.02
ft. of the point, the exact position can be readily reached by
means of the skifting head, which may be moved freely after
any two adjacent leveling screws are loosened. When the tran-
sit has been brought directly over the point, the leveling screws
should be brought back toa bearing. In the first (rough) setting
the plumb-bob should hang, say, an inch above the point, but
when the shifting head is used it should be lowered to within
"about } inch or less of the point.

57. In leveling the instrument, first turn the plates so that
each plate level is parallel to a pair of opposite leveling screws.

Fic. 28. Cut SHOWING How FINGERS MOVE IN LEVELING.

Each level is therefore controlled by the pair of leveling screws
which is parallel to it. Great care should be used in leveling.
The screws must not be loose as this will cause the plates to tip
and perhaps to move horizontally which would change the posi-
tion of the plumb-bob over the point. On the other hand they
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must not be too tight as this will not only injure the instrument
but will cause errors due to strains in the metal. To level
the instrument, grasp one pair of opposite screws between the
thumbs and forefingers and turn so that the thumbs move either
toward each other or away from each other, as illustrated in
Fig. 28. In this way one screw is tightened as much as the
other is loosened. The motion of both screws must be uniform ;
if they bind, the one which 'is being loosened should be turned
faster. If this does not appear to remedy matters then the
other pair of screws is binding and should be loosened slightly.
Only experience will teach one to level an instrument quickly
and correctly. It may be convenient for beginners to remember
that in leveling the instrument the bubble will move in the same
direction as the left thumb moves. After one bubble has been
brought nearly to the center of its tube the other bubble is
centered in a similar manner by its pair of leveling screws. In-
stead of trying to center one bubble exactly before beginning on
the second one it is better to get both of them approximately
level, after which first one bubble and then the other may be
brought exactly to the center. After the instrument is leveled
the plumb-bob should be examined to see that it has not been
moved from over the point during the process of leveling.

58. TO MEASURE A HORIZONTAL ANGLE. — After setting
the instrument up over the point, first set the zero of one of the
verniers opposite the zero of the circle. This is done by turning
the two plates until the two zeros are nearly opposite, clamping
the plates firmly together with the upper clamp, and then bring-
ing the two into exact coincidence by means of the tangent screw
which goes with the upper clamp. If a line on the vernier is
coincident with a line on the circle then the two adjacent lines
on the vernier will fail to coincide with the corresponding lines
on the circle by equal amounts (Art. 53, p. 39). Hence the coin-
cidence of any line on the vernier with a line on the circle can
be more accurately judged by examining also the adjacent di-
visions and noting that they are symmetrical with respect to
the coincident lines. A pocket magnifier, or “reading glass,”
is generally used for setting and reading the vernier. Never
touch the clamp after a setting has been made by means of the
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tangent screw. In setting with the tangent screw it is better
to do this by a right-hand turn, i.e,, by turning the screw in
the direction which compresses the spring against which it
works. If the screw needs to be turned back, instead of turn-
ing it to the exact setting turn it back too far and then bring
it up to the accurate setting with a right-hand motion, thereby
insuring a firm bearing of the spring against the screw. The
two plates which are now clamped in proper position are free to
turn together about the vertical axis. Turn to the first object
and point the telescope at it approximately by looking over the
top of the telescope. When turning the instrument so as to
sight the first point it is good practice to touch the lower plate
only. Focus the telescope by moving the eyepiece until the
cross-hairs are distinct and then moving the objective until the
image is distinct. It is sometimes convenient to point the tele-
scope at the object when focusing the cross-hairs so that they
can be readily seen.* Test for parallax by moving the eye
slightly from one side to the other. Move the telescope until
the vertical cross-hair is very nearly on the point. It is better
to use that part of the cross-hair which is near the center of the
field of view. Clamp the lower plate by means of the lower
clamp, and set exactly on the point by the lower tangent screw.
The line of sight is now fixed on the first object. To measure
the angle loosen the upper clamp, turn the telescope to the
second point, and focus the objective if necessary. Set nearly
on the point, clamp the upper plate, and set the vertical cross-
hair exactly on the point by means of the upper tangent screw.
The angle is then read on the vernier which was set at 0°,

The tangent screws should not be used to move the plates
over large angles. Acquire the habit of setting closely by hand
and using the tangent screw for slight motions only.

59. TO MEASURE AN ANGLE BY REPETITION. — The
eyepiece magnifies the image so much that it is possible to set
the cross-hair on a point much more closely than the vernier will

® If the eyepiece is focused on the cross-hairs with the telescope pointing at
the sky, as is frequently done, they will be found to be approximately in focus
when looking at the object; but for accurate work the eyepiece should be focused
on the cross-hairs when the objective is in focus on the object.
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read. The graduation of the circle is very accurate and can be
depended upon closer than the vernier can.be read, consequently
the full value of the instrument is not utilized by single readings
of an angle. To obtain the value of an angle more accurately
proceed as follows. After the first angle has been measured
leave the two plates clamped together, loosen the lower clamp
and turn back to the first point. Set on the first point, using
the lower clamp and its tangent screw. Then loosen the upper
camp and set on the second point, using the upper clamp
and its tangent screw, thus adding another angle, equal to the
first one, to the reading on the circle. Repeat this operation,
say, six times. The total angle divided by six will give a more
precise result than the first reading. Suppose that the angle is
actually 18° 12’ 08" ; if a “one-minute ” instrument is being used
it is impossible to read the 08" on the vernier, so the reading
will be 18° 12’. Each repetition will add 08" (nearly) and after
the 6th repetition, the amount will be 48" which will be read as
. After the 6th pointing the total angle will then be read 109°
13’ which divided by 6 gives 18° 12’ 10”, a result in this case
correct to the nearest 10”. To eliminate errors in the adjust-
ment of the transit the above process should be repeated with
the instrument reversed and the mean of the two values used.
(See Art. 79, p. 61.) It is customary to take only the 1st and
6th readings, but as a check against mistakes it is well for the
beginner to examine the vernier reading after each repetition
and see that 4 the second reading, 4 the third, etc., nearly
equals the first reading.

Repetition has also the advantage of eliminating, to a great
extent, errors of graduation. If an angle is about 60° and is
repeated 6 times it will cover a whole circumference. If there
are systematic errors in the graduations the result is nearly free
from them. The effect of accidental, or irregular, errors of
graduation is decreased in proportion to the number of repeti-
tions. In the best modern instruments the errors of graduation
seldom exceed a few seconds.

Little is gained by making a very large number of repetitions
as there are systematic errors introduced by the action of the
clamps, and the accuracy apparently gained is really lost on this
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account. Three repetitions with the telescope normal and three
with the telescope inverted are sufficient for anything but very
exact work.

It is desirable that as little time as possible should elapse
between pointings, as the instrument cannot be relied upon to
remain perfectly still. As a matter of fact it is vibrating and
“creeping "’ nearly all the time from numerous causes. For
example, when the instrument is set up on frozen ground, it will
quickly change its position on account of the unequal settlement
of the tripod legs. Changes of temperature, causing expansion
or contraction of the metal of the instrument, and the effect of
wind introduce errors. The more rapidly the measurements can
be made, consistent with careful manipulation, the better the
results will be. If the transit is set up on shaky ground
the transitman should avoid walking around his instrument.

60. Repetition is useful not only to secure precision, but
also as a check against mistakes. If a mistake is made on the
first reading of an angle the vernier, on the second reading,
falls in a new place on the circle so that the mistake is not
likely to be repeated. It is common practice to repeat, or
“double,” all important angles and divide the second reading
by 2 simply as a check on the first reading.

61. TO LAY OFF AN ANGLE BY REPETITION. — There is
no direct method of laying off an angle by repetition as in the
case of measuring an angle, therefore the following indirect
method is used. With the vernier set at 0° and the telescope
sighted on the first point the angle is carefully laid off on the
circle and the second point set in line with the new position of
the telescope. Then this angle which has been laid off is
measured by repetition as precisely as is desired as described in
Art. 59. The resulting angle obtained by repetition is a more
precise value than the angle first set on the vernier. The
difference between this value and the angle desired is the cor-
rection which should be made at the second point. This can be
readily done by measuring approximately the distance from the
instrument to the second point, and computing the perpendicular
offset to be laid off at the second point. (The offset for an
angle of one minute at a distance of 100 ft. is nearly 0.03 ft.)
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62. RUNNING A STRAIGHT LINE — One Point Visible from
the Other, — There are several ways in which a straight line
may be fixed on the ground, depending upon the existing con-
ditions. If the line is fixed by the two end points one of which
is visible from the other, the method of setting intermediate
points would be to set the transit over one point, take a ¢ fore-
sight” on the other and place points in line. For very exact
work the instrument should be used in both the direct and re-
versed positions (Art. 79, p. 61). This will eliminate errors of
adjustment such as failure of the telescope to revolve in a true
vertical plane, or failure of the objective tube to travel parallel
to the line of sight.

63. RUNNING A STRAIGHT LINE — Neither Point Visible
from the Other.— If neither point can be seen from the other
then it is necessary to find some point, by trial, from which the
terminal points can be seen. The transit is set up at some point
estimated to be on the line, a “backsight ” is taken on one of
the points and the instrument clamped. The telescope is then
reversed on its horizontal axis. If the vertical cross-hair strikes
the second point the instrument is in line ; if not, then the error
in the position of the instrument must be estimated (or meas-
ured) and a second approximation made. In this way, by suc-
cessive trials, the true point is attained. The final tests should
be made -with the instrument in direct and reversed positions to
eliminate errors of adjustment of the line of sight and the hor-
izontal axis. To eliminate errors in the adjustment of the plate
bubbles the plate level which is perpendicular to the line should
be releveled just before making the second backsight and while
the telescope is pointing in that direction. This can be more
readily done if, when the transit is set up, one pair of opposite
leveling screws is turned so as to be in the direction of the line;
then the other pair will control the level which is perpendicular
to the line of sight. After one point has been found by this
method other points may be set as described in the previous
article,

Another method of running a line between two points one of
which is not visible from the other would be to run what is called
a random line as described in Art. 191, p. 169.



52 MEASUREMENT OF ANGLES [Crap. TIL

64. Prolonging a Straight Line. — If a lineis fixed by two
points A and B and it is desired to prolong this line in the direc-
tion 4B, the instrument should be set up at A4, a sight taken
on B and other points set in line beyond B. When it is not
possible to see beyond B from 4, the transit should be set up at
B and points ahead should be set by the method of backsighting
and foresighting as follows. With the transit at B a backsight
is taken on 4 and the instrument clamped. The telescope is
inverted and a point set ahead in line. The process is repeated,
the backsight being taken with the telescope in the inverted
position. The mean of the two results is a point on the line A8
produced. The transit is then moved to the new point, a back-
sight is taken on B, and another point set ahead as before.

In this last case, if a line is prolonged several times its own
length by backsighting and foresighting, there is likely to be a
constantly increasing error. In the first case, where the line is
run continually toward a point known to be correct, the errors
are not accumulating.

65. Methods of Showing Sights, — If the point sighted is
within a few hundred feet of the instrument, a pencil may be used
and held vertically in showing a point for the transitman to sight
on. Sighting-rods are used on long distances.* Where only
the top of the rod or pole is visible a considerable error is intro-
duced if it is not held plumb. A plumb-line is much more
accurate for such work but cannot be easily seen on long sights.
Under conditions where the plumb-line cannot be readily seen
some surveyors use for a sight an ordinary white card held with
one edge against the string or held so that the center of the
card is directly behind the string. If the edge of the card is
held against the string, the transitman must be extremely careful
that he is sighting on the proper edge.t .

* It is desirable that the foresight should be of a color such that the cross-
hair is clearly seen, and of a width such that the cross-hair nearly (but not quite)
covers it,

t It is common among some surveyors to use a two-foot rule for a sight.
The rule is opened so that it forms an inverted V (A). The plumb-string is
jammed into the angle of the A by pressing the two arms of the rule together.
The rule is then held so that the plumb-string as it hangs from the rule appears to
bisect the angle of the A.

Another device is to attach to the plumb-line an ordinary fish-line float (shaped
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Whenever the instrument is sighted along a line which is to
be frequently used or along which the transit is to remain sighted
for any considerable time the transitman should if possible select
some well-defined point which is in the line of sight, called a
“foresight.” If no definite point can be found one may be
placed in line for his use. By means of this *foresight ” the
transitman can detect if his instrument moves off the line, and
can set the telescope exactly “on line” at any time without re-
quiring the aid of another man to show him a point on the line.

66. Signals. — In surveying work the distances are frequently
so great that it is necessary to use hand signals. The following
are in common use.

“Right” or “Left” — The arm is extended in the direc-
tion of the motion desired, the right arm being used for a motion
to the right and the left arm for a motion to the left. A slow
motion is used to indicate a long distance and a quick motion a
short distance.

“Plumb the Pole”” — The hand is extended vertically above
the head and moved slowly in the direction it is desired to have
the pole plumbed.

“All Right”” — Both arms are extended horizontally and
moved vertically.

“Give a Foresight — The transitman, desiring a foresight,
motions to the rodman, by holding one arm vertically above his
head.

“ Take a Foresight”” — The rodman desiring the transit-
man to sight on a point, motions the transitman by holding one
arm vertically above his head and then he holds his lining-pole
vertically on the point.

“ Give Line.” — When the rodman desires to be placed ¢on
line” he holds his lining-pole horizontally with both hands over
his head and then brings it down to the ground in a vertical
position. If the point is to be set carefully, as a transit point,

like a plumb-bob). This may be fastened so that its axis coincides with the
string and so that it can be raised and lowered on the string. It should be painted
" with such colors that it can be seen against any background.
The man showing the sight for the transitman should always try to stand so
that the sun will shine on the object he is holding ; on long sights it is difficult
(sometimes impossible) to see an object in a shadow,
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the rodman waves the top end of pole in a circle before bringing
it to the vertical position. )

« Pick up the Transit.”” — When the chief of the party de-
sires to have the instrument set at another point he signals to
the transitman by extending both arms downward and outward
and then raising them quickly.

All signals should be distinct so as to leave no doubt as to
their meaning. Care should be taken to stand so that the back-
ground will not prevent the signals being distinctly seen. The
palms of the hands should be shown in making the signals, and
for distant signals a white handkerchief is often used. Where
much distant signaling is to be done flags are attached to the
lining-poles.  Special signals may be devised for different kinds
of work and conditions.

67. TO MEASURE A VERTICAL ANGLE. — In measuring a
vertical angle with a transit, first point the vertical cross-hair
approximately at the object, then set the horizontal cross-hair
exactly on the point by means of the clamp and tangent. screw
controlling the vertical motion. Next read the vertical arc or
circle. Then, without disturbing the rest of the transit, unclamp
the vertical arc, and bring the telescope to the horizontal position
by means of the level attached to the telescope, and the clamp
and tangent screw of the vertical arc.  When the telescope
bubble is in the center read the vertical arc again. This gives
the #ndex corvection, to be added or subtracted according to
whether the two readings are on opposite or on the same side of
zero. In some forms of transit the vernier is on a separate arm
which alse carries a level. By bringing this level to the center
of the tube by means of its tangent screw the index correction
is reduced to zero each time and the true angle read directly.
Instruments provided with this form of level have no level
attached to the telescope.

If the transit has a complete vertical clrcle errors in the ad-
justment of the bubble and the horizontal cross-hair may be eli-
minated by inverting the telescope, turning it through 180°
azimuth, and remeasuring the angle. The mean of the two
results is free from such errors. If the transit is provided with
only a portion of a circle the vernier will be off the arc when




PRECAUTIONS IN USE OF TRANSIT 55

the telescope is inverted, consequently with a transit of this type
the elimination cannot be effected.

68. PRECAUTIONS IN THE USE OF THE TRANSIT. — In
the preceding text several sources of error and also precautions
against mistakes have been mentioned, but in order that the be-
ginner may appreciate the importance of handling the instru-
ment carefully he should make the following simple tests.

I. Set the transit up with the three points of the tripod
rather near together so that the instrument will be high and un-
stable. Sight the cross-hair on some definite object, such as the
tip of a church spire, so that the slightest motion can be seen.
Take one tripod leg between the thumb and forefinger and twist
it strongly ; at the same time look through the telescope and
observe the effect.

2. Press the tripod leg laterally and observe the effect on
the level attached to the telescope; center the bubble before
testing.

3. Step on the ground about 1 or 2 inches from the foot of
one of the tripod legs and observe the effect on the line of sight.

4. Breathe on one end of the level vial and observe the mo-
tion of the bubble.

5. Press laterally on the eyepiece and observe the effect on
the line of sight.

These motions, plainly seen in such tests, are really going on
all the time, even if they are not readily apparent to the observer,
and show the necessity for careful and skillful manipulation.
The overcoat dragging over the tripod, or a hand carelessly rest-
ing on the tripod, are common sources of error in transit work.

Before picking up the transit center the movable head, bring
the leveling screws back to their mid position, loosen the lower
clamp, and turn the telescope either up or down,
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ADJUSTMENTS OF THE TRANSIT.

69. If an instrument is badly out of adjustment in all re-
spects, it is better not to try to completely adjust one part at a
time but to bring the instrument as a whole gradually into ad-
justment. If this is done, any one process of adjusting will not
disturb the preceding adjustments, the parts are not subjectéd
to strains, and the instrument will be found to remain in adjust-
ment much longer than it would if each adjustment were com-
pleted separately.

Nearly all adjustments of the transit, in fact of nearly all
surveying instruments, are made to depend on the principle of
reversion. By reversing the position of the instrument the effect
of an error is doubled.

70. ADJUSTMENT OF THE PLATE BUBBLES. — To adjust
the Plate Levels so that Each lies in a Plane Perpendicular to the
Vertical Axis of the Instrument, Set up the transit and bring

rue Posigtio

AXIS

F1G. 20. ADJUSTMENT OF THE PLATE BUBBLES.

the bubbles to the center of their respective tubes. Turn the
plate 180° about its vertical axis and see if the bubbles remain
in the center. If they move from the center, half this distance
is the error in the adjustment of the tube. (See Fig.29.) The
adjustment is made by turning the capstan-headed screws on the
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bubble tube until the bubble moves half-way back to the center
as nearly as this can be estimated. Each bubble must be ad-
justed independently. The adjustment should be tested again
by releveling and reversing as before, and the process continued
until the bubbles remain in the center when reversed. When
both levels are adjusted the bubbles should remain in the
centers during an entire revolution about the vertical axis.

7i. ADJUSTMENT OF THE CROSS-HAIRS. — 1st. To put the
Vertical Cross-Hair in a Plane Perpendicular to the Horizontal
Axis, Sight the vertical hair on some well-defined point, and,
leaving both plates clamped, rotate the telescope slightly about
the horizontal axis (see Fig. 30).

The point should appear to travel on the vertical cross-hair
throughout its entire length. If it does not, loosen the screws

2nd. Postt
HORIZONTAL | §- AXIS
=
Ist. Positi

F16.30. ADJUSTMENT OF THE CROSS-HAIRS (FIRST PART).

holding the cross-hair ring, and by tapping lightly on one
of the screws, rotate the ring until the above condition is
satisfied. ~ Tighten the screws and proceed with the next
adjustment.




58 MEASUREMENT OF ANGLES [Crar. III.

72. 2nd. To make the Line of Sight Perpendicular to the
Horizontal Axis.* (See Fig. 31.) Set the transit over a point

F1G.31. ADJUSTMENT OF THE CROSS-HAIRS (SECOND PART).

A. Level up, clamp both plates, and sight accurately on a
point B which is approximately at the samec level as A.
Reverse the telescope and set C in line with the vertical cross-
hair. B, 4, and C should be in a straight line. To test this,
turn the instrument about the vertical axis until B is again
sighted. Clamp the plate, reverse the telescope, and observe if
point Cis in line. If not, set point D in line just to one side
of C and then the cross-hair ring must be moved until the
vertical hair appears to have moved to point E, one-fourth the
distance from D toward C, since, in this case, a double reversal
has been made.

The cross-hair ring is moved by loosening the screw on one
side of the telescope tube and tightening the opposite screw.
If D falls to the right of C then the cross-hair ring should be
moved to the left; but if the transit has an erecting eyepiece
the cross-hair will appear to move to the right when viewed
through the telescope. If the transit has an inverting eyepiece
the cross-hair appears to move in the same direction in which
the cross-hair is actually moved.

The process of reversal should be repeated until no further
adjustment is required. When finally adjusted, the screws
should hold the ring firmly but without straining it.

* In making the adjustment in the shop with collimators instrument makers
seldom level the transit carefully. In field adjustments it is desirable, although
not necessary, to level the instrument. The essential condition is that the vertical
axis shall not alter its position.
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73. ADJUSTMENT OF THE STANDARDS. — To make the Hori-
zontal Axis of the Telescope Perpendicular to the Vertical Axis of
the Instrument. (See Fig. 32.) Set up the transit and sight
the vertical cross-hair on a high point 4,
such as the top of a church steeple.
Lower the telescope and set a point B in
line, on the same level as the telescope.
Reverse the telescope, turn the instru-
ment about its vertical axis, and sight
on B. Raise the telescope until the point
A is visible and see if the cross-hair comes
on A. If not, note point Cin line and
at same height as 4. Then half the dis-
tance from C to 4 is the error of adjust-
ment. Loosen the screws in the pivot
cap and raise or lower the adjustable end
of the horizontal axis by means of the
capstan-headed screw under the end of
the axis. Repeat the test until the high
and the low points are both on the cross-
hair in either the direct or reversed posi-
tions of the transit. The adjusting screw
should be brought into position by a right-
hand turn, otherwise the block on which
the horizontal axis rests may stick and V
not follow the screw. The cap screws g, oo ADJUSTMENT
should then be tightened just enough to  oF TuE STANDARDS.
avoid looseness of the bearing.

74. Adjustment of the Telescope Bubble.— This is adjusted
by the “ peg’’ method, or direct method, as explained in Art. 128,
p. 91. This consists in first determining a level line by using
the instrument in such a way as to eliminate the error of the
bubble, and then centering the bubble while the line of sight is
horizontal.

75. Adjustment of the Auxiliary Level on the Vernier of the
Vertical Arc.— (See Art. 67, p. 54.) To adjust the Level
go that it is in the Center of the Tube when the Line of Sight
is Level and the Vernier reads 0°. This is adjusted by the “peg
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method ” (Art. 128, p. 91). The bubble is first brought to
the center of the tube by means of its tangent screw. Then the
telescope is moved until the vernier of the vertical arc reads o°.
The instrument is then in condition to be used as a leveling
instrument and is adjusted by the “peg method.”

If the telescope is provided with an attached level the auxiliary
. level could be adjusted by comparing it with the telescope level
as follows. Level the telescope by means of its attached level,
make the vernier read o by means of the tangent screw of the
vernier, and then bring the bubble of the auxiliary level to the
center by means of its adjusting screws.

76. Adjustment of the Vernier of the Vertical Circle. —To
make the Vernier read O° when the Telescope Bubble is in the
Center of the Tube. If there is any index error (Art. 67, p. 54)
bring the bubble to the center, loosen the screws holding the
vernier, and tap lightly until the zeros coincide. Tighten the
screws and test again. In some instruments the vernier is con-
trolled by a slow-motion screw for setting the index at the zero
of the circle.

77. Adjustment of the Objective Slide. — To make the
Objective Slide move Parallel to the Line of Sight. If the tube
holding the objective is adjustable it must be placed so that the
direction of the line of sight will not be disturbed when the
telescope is focused. The adjustment may be made as follows.
Adjust the line of sight as in Art. 72, using very distant
points. This will require the objective to be drawn in nearly
as far as it will go and hence the position of the objective will
be changed but little by any subsequent lateral adjustment of
the tube. Next repeat the test for the adjustment of the line of
sight by using two points which are very near the instrument.
In sighting on these points the objective must be run out and
any error in its adjustment will change the direction of the line
of sight so that it is no longer perpendicular to the horizontal axis
of the instrument. In case the instrument fails to stand this
test the objective slide does not move parallel to the line of
sight. The adjustment is made by moving the adjustment
screws of the objective slide so as to apparently increase the
error making, by estimation, one-quarter the correction required.
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The adjustment of the line of sight should be again tested on
two distant points and the cross-hairs moved in case the second
adjustment appears to have disturbed the first.

78. SHopr ApjusTMENTS. — The adjustment of the objective
slide and other adjustments such as centering the eyepiece tube
and centering the circles are usually made by the instrument
maker.

79. HOW TO ELIMINATE THE EFFECT OF ERRORS OF
ADJUSTMENT IN THE TRANSIT. — Errors of adjustment in the
plate bubble may be avoided by leveling up and reversing as
when adjusting. Then, instead of altering the adjustment,
simply move the bubble half-way back by means of the leveling
screws. This makes the vertical axis truly vertical. Then the
bubbles should remain in the same parts of their respective
tubes as the instrument revolves about its vertical axis.

Errors of the line of sight and errors of the horizontal axis
are eliminated by using the instrument with the telescope in the

direct and then in the reversed position and taking the mean of
the results whether the work is measuring angles or running
straight lines.

Errors of eccentricity of the circle are completely eliminated
by reading the two opposite verniers and taking the mean.

Errors of graduation of the circle are nearly eliminated by
reading the angle in different parts of the circle or by measur-
ing the angle by repetition.

80. Care of Instruments. — A delicate instrument like the
transit requires constant care in order that the various parts
may not become loose or strained. Care should be taken that -
the tripod legs do not move too freely, and that the metal shoes
on the feet of the tripod do not become loose. The transit
should be securely screwed to the tripod. In caring for the
lenses a camel’s hair brush should be used for dusting them and
soft linen with alcohol for cleaning them. The objective should
not be unscrewed except when absolutely necessary, and when
replaced it should be screwed in to the reference mark on the
barrel of the telescope. Grease should never be used on exposed
parts of an instrument, as it collects dust. Care should be
taken not to strain the adjusting screws in making adjustments,
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The instrument should be protected as much as possible from
the sun, rain, and dust. If the instrument is carried in the box
it is less likely to get out of adjustment than when carried on
the shoulder, but the former is often inconvenient. It is cus-
tomary in traveling by carriage or rail to carry the transit in its
box. While being carried on the shoulder the lower clamp
should be left unclamped so that in case the instrument strikes
against anything, some parts can give easily and save the instru-
ment from a severe shock. When the transit is in use, be care-
ful not to clamp it too hard, but clamp it firmly enough to in-
sure a positive working of the tangent screws and so that no
slipping can occur.

81. COMMON SOURCES OF ERROR IN TRANSIT WORK. —

1. Nonadjustment, eccentricity of circle, and errors of gradu-
ation.
2. Changes due to temperature and wind.
Uneven settling of tripod.
Poor focusing (parallax).
Inaccurate setting over point.
Irregular refraction of atmosphere.

S pow

82. COMMON MISTAKES IN TRANSIT WORK. —

1. Reading in the wrong direction from the index on a
double vernier.

2. Reading the opposite vernier from the one which was set.

3. Reading the circle wrong, e.g., reading 59° for 61° If
the angle is nearly 9o° reading the wrong side of the go°
point, e.g., 88° for 92°.

4. Using the wrong tangent screw.
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F1G. 83. SOLAR ATTACHMENT TO TRANSIT.

(The authors are indebted to C. L. Berger & Son
for the photograph from which this cut was made.)
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THE SOLAR ATTACHMENT.

83. DESCRIPTION OF SOLAR ATTACHMENT. — One of the
most important auxiliaries to the engineer’s transit is the solar
attachment, one form of which is shown in Fig. 33. This is a
small instrument which may be attached to the telescope and by
means of which a true meridian line can be found by an observa-
tion on the sun. In the form here shown the principal parts are
the polar axis, which is attached to the telescope perpendicular
to the line of sight and to the horizontal axis, and a small
telescope which is mounted on the polar axis. This telescope
can be revolved about the polar axis and can be inclined to it
at any desired angle. The polar axis is provided with four ad-
justing screws for making it perpendicular to the line of sight
and to the horizontal axis.

Another form of attachment has the solar telescope replaced
by a lens and a screen on which the sun’s image can be thrown.
This defines a line of sight and is in reality the equivalent of a
telescope. This instrument is provided with the arc of a circle
known as the declination arc, the use of which will be explained
later.

Still another form consists of a combination of mirrors (simi-
lar to those of a sextant) which can be placed in front of the
objective. In this form the telescope of the transit serves as the
polar axis. .

While these various solar attachments differ in the details
of construction, they all depend upon the same general prin-
ciples.

84. THE CELESTIAL SPHERE. — In order to understand the
theory of this instrument it will be necessary to define a few
astronomical terms. Fig. 34 represents that half of the celes-
tial sphere which is visible at one time to an observer on the
surface of the earth. For the purposes of this problem the
celestial sphere may be regarded as one having its center at
the center of the earth and a radius equal to the distance of the
sun from the earth. The sun in its apparent daily motion
would then move around in a circle on the surface of this
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sphere. The circle VES I is the observer's lorizon and is the
boundary between the visible and invisible parts of the celestial
sphere. The point Z is the senitkh and is the point where a
plumb-line produced would pierce the celestial sphere. The
circle SZPN is the observer’s meridian and is a vertical circle
through the pole. The circle EQW is the celestial equator.
The circle AMB, parallel to the equator, is a paralle! of decli-
nation, or the path described by the sun in its apparent daily

Fi1G. 34. Di1aGrRAM OF THE CELESTIAL HEMISPHERE.

motion from east to west. The sun's declination is its angular
distance from the equator, or the arc O7. The declination is
considered positive when north and negative when south. The
polar distance of the sun is the complement of the declination
represented by the arc OP

85. OBSERVATION ON THE SUN FOR' MERIDIAN WITH
SOLAR ATTACHMERT. — If the polar axis of the instrument is
made to point to the celestial pole, i.e., made parallel to the
earth’s axis, then the small telescope can be made to follow
the sun in its daily path by simply giving it an inclination to the
polar axis equal to the sun’s polar distance and revolving it
about the polar axis.
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(1) To find the true meridian by an observation on the sun
first make the angle between the polar axis and the solar tele-
scope equal to the sun’s polar distarce at the time of the obser-
vation. This is done by turning the solar telescope into the
same plane as the main telescope by sighting both on some dis-
tant object,and then making the angle between the two telescopes
equal to the sun’s declination. Some instruments are provided
with a declination arc upon which the declination angle can be
laid off directly. Others have a small spirit level attached to
the small telescope, in which case the vertical circle of the tran-
sit is used for laying off the declination angle. Incline the main
telescope until the reading of the vertical circle equals the de-
clination, and clamp ; then level the solar telescope by means of
the attached level. The angle between the polar axis and the
solar telescope is then 9o° plus or minus the reading of the
vertical circle.

(2) By means of the vertical circle of the transit incline the
polar axis to the vertical by an angle equal to the co-latitude of
the place, which is go° minus the latitude. The polar axis now
has the same angle of elevation as the celestial pole.

(3) If the observation is in the forenoon, place the solar
telescope on the left of the main telescope (on the right if in the
afternoon) ; then, by moving the whole instrument about the
vertical axis and the solar telescope about the polar axis, point
the solar telescope at the sun. The sun’s image is brought to
the center of the square formed by four cross-hairs, or ruled
lines, in the solar telescope. The final setting is made by the
tangent screw controlling the horizontal motion of the transit
and the one controlling the motion of the solar about the polar
axis. Only one position can be found where the solar telescope
will point to the sun. In this position the vertical axis points
to the zenith, the polar axis to the pole, and the solar telescope
to the sun. The instrument has thus solved mechanically the
spherical triangle having these three points (Z, P, O) as vertices.
The horizontal angle between the two telescopes is equal to the
sun’s true bearing. Since the solar telescope is pointing to the
sun the main telescope must be in the plane of the meridian.
If all of the work has been correctly done it will be observed
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that the sun’s image will remain between the cross-hairs set
parallel to the equator, and therefore the sun can be followed
in its path by a motion of the solar telescope alone. If it is
necessary to move the instrument about the vertical axis to
point the solar telescope again at the sun this shows that the
main telescope was not truly in the meridian.

After the meridian has been determined the main telescope
may then be lowered and a point set which will be due north or
due south of the instrument.

86. Computation of Declination Settings. — The sun’s polar
distance may be obtained from the “ American Ephemeris and
Nautical Almanac,” published by the Government. The polar
distance is not given directly, but its complement, the sun's
apparent declination, is given for each day and for the instant
of Greemwick Mean Noon. The rate of change of the declina-
tion, or the difference for I hour, is also given. In order to use
this for any given locality, it is first necessary to find the local
or the standard time corresponding to mean noon of Greenwich.
In the United States, where standard time is used, the relation
to Greenwich time is very simple. In the Eastern time belt
the time is exactly 5 hours earlier than at Greenwich; in the
Central, 6 hours earlier; in the Mountain, 7 hours earlier ; in
the Pactfic, 8 hours earlier. If a certain declination corresponds
to Greenwich mean noon, then the same declination corresponds
to 7 A.M. in the Eastern belt or 6 A.M. in the Central belt,
etc. The declination for any subsequent hour of the day may
be found by adding (algebraically) the difference for 1 hour mul-
tiplied by the number of hours elapsed. Declinations marked
North must be regarded as positive and those marked Sowtk as
negative. An examination of the values of the declination for
successive days will show which way the correction is to be
applied. It will be useful also to remember that the declination
is 0° about March 21, and increases until about June 22, when
it is approximately 23° 27’ North; it then decreases, passing the
0° point about September 22, until about December 21 when it
is approximately 23° 27’ South; it then goes North until
March 21 when it is 0° again.

After the correct declination is found it has still to.be cor-
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rected for refraction of the atmosphere. The effect of refrac-
tion is to-make the sun appear higher up in the sky than it
actually is.., In the northern hemisphere, when the declination
is North the correction must be added, when South, subtracted.
This correction may be taken from Table VII, p. 507, the decli-
nation being given at the top and the number of hours from
noon at the left.

The co-latitude which must be set off on the vertical circle
may be obtained from a map or may be determined by an ob-
servation which is made as follows. Set off the sun’s declination
for noon, as for any other observation, the two telescopes being
in the same vertical plane, and point the small. telescope at the
sun. By varying the angle of elevation of the main telescope,
keep the solar telescope pointing at the sun until the maximum
altitude is reached. The angle read on the vertical circle is the
co-latitude (see also Art. 217, p. 196).

ExaMpLE.
Latitude 40° N. Longitude 4h 45m W.
Jan. 10, 1900.

Declination for Greenwich mean noon S 21° 59’ 04”

Difference for 1h + 22" .25
Tme. DECLINATION. REFRACTION. SETTING.
7 h. AM. 21° 59’ 04" S
8 58 42 4' 59" 21° 53" 43
9 58 20 2 36 21 55 44
To 57 57 1-57 21 56 oo
I 57 35 1 48 21 55 47
1z M. 57 13 (1 39) (21 55 34)
1 PM 56 51 1 48 21 55 03
2 56 28 157 21 54 31
3 56 o6 2 36 21 §3 30
4 55 44 459 21 50 45

87. * Comstock’s Method of finding the Refraction. — Set
the vertical cross-hair on one edge (or /imb) of the sun and note
the instant by a watch. Set the vernier of the plate 10’ ahead
and note the time when the limb again touches the cross-hair,

* See Bulletin of the University of Wisconsin, Science Series, Vol. I, No. 3.
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Call the number of seconds between these observations . Read
the altitude 4. Then the refraction in minutes will be nearly
2000
in

88. Observation for meridian should not be made when the
sun’s altitude is less than about 10° because the refraction cor-
rection will be unreliable. Observations near noon are to be
avoided because a slight error in altitude produces a large error
in the resulting meridian. For good results therefore the obser-
vation should be made neither within an hour of noon nor near
sunrise or sunset.

equal to ; h being expressed in degrees.

89. MISTAKES IN USING THE SOLAR ATTACHMENT. —

1. Solar on wrong side of main telescope.
2. Refraction correction applied wrong way.

ADJUSTMENTS OF THE SOLAR ATTACHMENT.

0. ADJUSTMENT OF POLAR AXIS.—To make the Polar.
Axis Perpendicular to the Plane of the Line of Sight and the Hori-
zontal Axis, Level the transit and the main telescope. Bring the
bubble of the solar telescope to the center of its tube while it is
parallel to a pair of opposite adjusting screws which are at the
foot of the polar axis. Reverse the solar telescope 180° about
the polar axis. If the bubble moves from the center position,
bring it half-way back by means of the adjusting screws just
mentioned and the other half by means of the tangent screw
controlling the vertical motion of the solar. This should be
done over each pair of opposite adjusting screws and repeated
until the bubble remains central in all positions.

91. ADJUSTMENT OF THE CROSS-HAIRS. —To make the
Vertical Cross-Hair truly Vertical. Sight on some distant point
with all the clamps tightened and, by means of the tangent
screw controlling the vertical motion of the solar, revolve the
solar telescope about its horizontal axis and see if the vertical
cross-hair remains on the point. If not, adjust by rotating the
" cross-hair ring, as described in Art. 71, p. 57.
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02. ADJUSTMENT OF TELESCOPE BUBBLE. — To make the
Axis of the Bubble Parallel to the Line of Sight. Level the main
telescope and mark a point about 200 ft. from the instrument in
line with the horizontal cross-hair. Measure the distance be-
tween the two telescopes and lay this off above the first point
which will give a point on a level with the center of the solar
telescope. Sight the solar at this point and clamp. Bring the
bubble to the center by means of the adjusting screws on the
bubble tube.

PROBLEMS.

1. Is it necessary that the adjustments of the transit should be made in the
order given in this chapter? Give your reasons. .

2. A transit is sighting toward B from a point 4. In setting up the transit at
A it was carelessly set 0.01 ft. directly to one side of 4, as at 4’. What would
be the resulting error, i.e., the difference in direction (in seconds) between 4.5 and
A’B, (1) when 4B = 40 ft., (2) when 45 =1000 ft.?

3. An angle of go° is laid off with a * one minute ” transit, and the angle then
determined by six repetitions, the final reading being 179° §8’+ 360°. The point
sighted is 185 feet from the transit. Compute the offset to be laid off in order to
correct the first angle. Express the result in feet and also in inches.

4. An angle measured with a transit is 10° 15/ 417. The telescope of a level-
ing instrument is placed in front of the transit (with its objective toward the
transit) and the angle again measured and found to be o® 18’ 22", What is the
magnifying power of this level telescope?

5. Compute the declination setting for every hour when observations on the
sun for meridian can be made at Boston ( Lat. 42° 21’ N, Long. 71°04 30" W)
on each of the following dates (Eastern Standard Time) :

January 1, 1906.
Decl. S 23° o3’ 27”9
Dift. for 1 hour, +11”.70
April 16, 1906.
Decl. N ¢° 53 34”.2
Diff. for 1 hour, + 53”.44
July 2, 1906.
Decl. N 23° 05" 49”.5
Diff. for 1 hour, —10”.39
Sept. 25, 1906.
Decl. S 0° 35" 49”.4
Diff. for 1 hour, — 58”.51



CHAPTER 1V.
MHASUREMENT OF DIFFERHNCE OF HLHVATION.

93. LEVEL SURFACE.— A level surface is a curved surface
which at every point is perpendicular to the direction of gravity
at that point, such, for example, as the surface of still water.
Any line of sight which is perpendicular to the direction of
gravity at a given point is therefore tangent to the level sur-
face at that point and is called a /korizontal line.

94. The Spirit Level. — In nearly all instruments the direc-
tion of gravity is determined by means of either a plumb-line or
a spirit level. A spirit level is a glass tube, the inside of which
is ground to a circular curve longitudinally, and nearly filled
with a liquid such as alcohol or ether, leaving enough space to
form a bubble. The grinding is usually done only on the inside
upper surface of the tube. The radius of the curve varies accord-
ing to the use which is to be made of the level;a very short ra-
dius makes a slow moving bubble while a long radius makes a
very sensitive bubble. It is important that the curve should be
exactly circular so that equal distances on the tube should sub-
tend equal angles at the center. The level is provided with a
scale of equal parts, which may be either a metallic scale screwed
to the brass case holding the glass bubble tube, or it may con-
sist of lines etched on the glass itself. A point near the middle
of the tube is selected as the zero point and the graduations are
numbered both ways from that point. The straight line tangent
to the curve at the zero point of the scale is called the axis of
the bubble. The position of the bubble in the tube is deter-
mined by noting the positions of both ends. [he bubble will
change its length with changes in temperature, consequently the
reading of one end is not sufficient to determine the position of
the bubble. On account of the action of gravity the bubble will
always move toward the higher end of the tube; hence, when
the bubble is central the axis of the tube is horizontal.

72
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05. Angular Value of One Division of the Level Tube. — The
angular value of one division of a level tube is the angle, usually
expressed in seconds, through which the axis of the tube must
be tilted to cause the bubble to move over the length of one di-
vision on the scale. The simplest way of finding this in the
field consists in moving the bubble over several divisions on the
scale by means of the leveling screws and observing the space on
a rod passed over by the horizontal cross-hair, the rod being
placed at a known distance from the instrument. The space on
the rod divided by the distance to the rod gives the natural tan-
gent of the angle through which the line of sight has moved.
Since the angle is very small its value in seconds of arc may be
obtained by dividing its tangent by the tangent of one second,
(log tan 1”7 = 4.6855749 — 10). Dividing the angle found by
the number of divisions of the scale passed over on the bubble
tube, gives a result which is the average number of seconds
corresponding to a single division.

In a properly constructed leveling instrument the value of
one division of the level should have a definite relation to the
magnifying power of the telescope. The smallest angular move-
ment that can be detected by the level bubble should correspond
to the smallest movement of the cross-hairs that can be detected
by means of the telescope.

THE LEVEL.

96. The instruments chiefly used for the direct determina-
tion of differences of elevation are known as the Wye Level, the
Dumpy Level, and the Hand Level. The Precise Level differs
in its details from the others but does not really constitute a
different type; it is essentially a wye level or a dumpy level,
according to the principle of its construction. The engineer’s
transit, which has the long level attached to the telescope, is
frequently used for direct leveling. All of these instruments
are so constructed that the line of sight is horizontal when the
bubble of the attached spirit level is in the middle of its tube.

97. THE WYE LEVEL. — In the wye level (Figs. 35 and 36)
the spirit level is attached to the telescope tube which rests in
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two Y shaped bearings from
which it derives its name. Those
parts of the telescope which bear
on the wyes are made cylin-
drical and are called 7ings or
pivots.  The telescope is held in
the wyes by means of two c/éps.
The level is attached to the
telescope by means of screws
which allow vertical and lateral
adjustments. The two wye sup-
ports are secured, by means of
adjusting screws, to a horizontal
bar which is attached rigidly at
right angles to a spindle, or
vertical axis, similar to that of
a transit. The instrument is
provided with leveling screws,
clamp, and tangent screw, but
has no shifting head nor plumb-
line attachment. The whole
upper portion of the instrument
is screwed to a tripod in the
same manner as a transit. The
characteristic feature of the wye
level is that the telescope can
be lifted out of its supports,
turned end for end and replaced,
each ring then resting in the
opposite wye.

98. THE DUMPY LEVEL. —
In the dumpy level (Fig. 37)
the telescope, the vertical sup-
ports, the horizontal bar and the
vertical spindle are all made in
one casting or else the parts are
fastened together rigidly so as to
be essentially one piece. The
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spirit level is fastened to the horizontal bar and can be adjusted
in the vertical plane; there is no other adjustable part except
the cross-hair ring.

99. Comparison of Wye and Dumpy Levels. — The wye level
has long been a favorite in this country, chietly on account of
the ease with which it can be adjusted, which depends upon the
fact that when the telescope is reversed in the wye supports the
line through the centers of the pivots is exactly coincident with its
first position. While this feature of the wye level is of practical
advantage in adjusting the instrument it is based on the assump-
tion that both pivots are circular and of exactly the same diame-
ter, which may or may not be true. For, even supposing the
pivots to be perfect when new, they soon wear, and perhaps
unevenly, and consequently the method of adjusting by reversal
will then fail and the “peg” adjustment, or direct method,
must be used. (See Art. 128, p. 91.) Itisnot uncommon to find
a wye level of excellent manufacture which, after being adjusted
by reversals, fails to stand the test by the direct method, but
which is capable of excellent work when adjusted by the latter
method.

The dumpy level has very few movable parts, and conse-
quently it does not easily get out of adjustment even when
subjected to rough usage.* Furthermore the recent work of the
United States Coast and Geodetic Survey with a new precise
level, which is really a dumpy level with certain refinements,
indicates the superiority of the dumpy form for the most precise
work. :

F1G6. 38. THE LoCKE HAND LEVEL.

100. THE LOCKE HAND LEVEL. — The hand level (Fig.
38) has no telescope, but is simply a' metal tube with plain glass

# See Reports of the Superintendent of the U.S. Coast and Geodetic Str-
vey for the year 1898-99, p. 351, and the year 1900, p. 525.
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covers at the ends and with a spirit level on top. When look-
ing through the tube one sees the level bubble on one side
of the tube in a mirror set at 45° with the line of sight,
and the landscape on the other side. In order that the eye may
see the bubble and the distant object at the same instant the
instrument is focused on the bubble by means of a lens placed
in a sliding tube. The level line is marked by a horizontal wire,
which can be adjusted by means of two screws. The instrument
is held at the eye and the farther end is raised or lowered until
the bubble is in the center of the tube. At this instant a point
in line with the horizontal wire is noted. In this way approxi-
mate levels may be obtained.

LEVELING RODS.

101. According to their construction rods are either Se/f-
reading or Target rods, or a combination of the two. Self-read-
ing rods are those which can be read directly from the instrument
by the levelman whereas target rods can be read only by the
rodman. The commonest forms of leveling rods are known as
the Boston, the New York, and the Philadelphia rods. (See
Fig. 39.)

102. BOSTON ROD.— The Boston rod (Fig. 39) is a target
rod of well seasoned wood about 6} ft. long, made in two strips,
one of which slides in a groove in the other. A target is
fastened rigidly to one of these strips about 0.3 ft. from one
end. Clamps are provided for holding the two parts in any
desired position. There is a scale on each side of the rod, one
starting from either end, graduated to hundredths of a foot and
each with a vernier placed about the height of the eye and read-
ing to thousandths of a foot. When the rod-reading is less than
5.8 ft. the rod is first placed on the ground with the target near
the bottom. Then the strip carrying the target is raised to the
proper height while the bottom of the other strip rests on the
ground, as shown in Fig. 39. For readings over 5.8 ft. the rod
is turned end for end so that the target is at the top and can be
moved from 5.8 to 11.4 ft, the limit of the rod. The terms
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“short rod” and “ long rod” are used to distinguish these two
positions.

The common form of target used on the Boston rod is shown
in Fig. 40. Instead of this target one of a design similar to
that in Fig. 41 is sometimes used, in which the white strip in
the center may be bisected by the horizontal cross-hair.
Bisection is more precise under all conditions than setting on a

= . '

A

Fi1G. 40. BosTON ROD TARGET. F1G. 41. BISECTION TARGET.

single line or on the division line between two surfaces of
different color.

A serious objection to the Boston rod is that in reversing it
(changing from long to short rod) any error in the position of
the target with reference to the scale is doubled by the reversal,
and such an error is not readily eliminated.

103. NEW YORK ROD.—The New York rod (Fig. 39)
consists of two strips of wood, arranged similarly to those of the
Boston rod. Unlike the latter the target on the New York
rod is movable. For ¢“short rod” the target is moved up or
down on the rod until the proper height is reached. The face
of the rod is graduated to hundredths of a foot. The vernier is
on the target itself and reads to thousandths of a foot. The
graduations on the rod cannot be read from the instrument except
at short distances. For “long rod” the target is set at the
highest graduation, usually 6.5 ft., and clamped to one of the
sliding strips which is then raised until the target is in the right
position. A clamp is provided for holding the two strips
together. The reading for “long rod” is found on the side of
the strip that is raised, and opposite the vernier which is on the
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other strip, the scale reading downward. In this case the rod
cannot be read directly from the instrument.

104. PHILADELPHIA ROD.— This rod has the graduations
plainly painted on its face so that it can be used as a sélf-reading
rod (Fig. 39). It has a target reading to thousandths, like that
of the New York rod. In some cases the target has no vernier
but is graduated directly to 0.005 ft.; the thousandths can be
readily estimated. The rod is extended in the same manner as
the New York rod, and it can be read to 0.005 ft. and estimated
to 0.001 ft. by means of a scale fastened on the back of-the rod.
When the rod is fully extended, the graduations on the front
face are continuous and the readings can be made directly by
the levelman if desired.

105. SPECIAL SELF-READING RODS. — There are a large
number of self-reading rods of special design. One of the com-
monest types shown in Fig. 39, is similar to the Philadelphia
rod except that it has no target and is not graduated closer than
tenths. The figures on the face of the rod are made of definite
height (0.06 or 0.08 ft.) and of definite thickness (o.0r or 0.02
ft.) so that it is easy for the levelman to estimate the readings
to hundredths of a foot. These rods are usually constructed
so that they can be extended for “long rod "’ readings.

106. Tape Rod.* — The tape rod (Fig. 39) is a self-reading
rod of decidedly different design from the Philadelphia rod. It
is 2 wooden rod made in one piece with a metal roller set in it
near each end. Passing over these rollers is a continuous steel
band 20 ft. long and o.1 ft. wide, on the outside of which for
its entire length is painted a scale graduated to feet, tenths, and
half-tenths, with the details of the numbers so designed that
readings to the nearest 0.01 ft. can readily be made. Unlike the
other rods mentioned the scale reads down on the face of the
rod instead of up. It is provided with a clamp so that the metal
band, or tape, can be set at any desired reading and held firmly
in that position. The use of this type of rod is limited to cer-

* This rod was invented by Thomas F. Richardson and is used extensively
by the Metropolitan Water and Sewerage Board of Boston, Mass.
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tain kinds of work, its advantage being the time saved in calcu-
lations as explained in Art. 228, p. 206.

107. Precise Level Rod. —The self-reading rod used by
the U. S. Coast and Geodetic Survey is made of a single piece
of wood, soaked in paraffin to prevent changes in length due to
moisture. Metal plugs are inserted at equal distances so that
changes in length can be accurately determined. It is divided
into centimeters, painted alternately black and white. The bot-
tom of the rod carries a foot-plate. The meters and centimeters
are read directly and the millimeters estimated. This rod has
attached to it a thermometer, and a level for plumbing.

108. Advantages of the Self-Reading Rod. — While the ad-
vantage in the speed with which leveling can be accomplished
by use of the self-reading rod is well understood, it is also true

F1G. 42. RoDp LEVELs.

although not so generally recognized that very accurate results
can be obtained. For any single reading the error may be
larger than with the target rod, but the errors of estimating
fractional parts are compensating, so that in the long run the
results are found to be very accurate. Precise leveling carried
on by the U. S. Coast and Geodetic Survey and by European
surveys has demonstrated the superiority of such rods. The
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self-reading rod might to advantage be more generally used than
it is at present.

109. Attachments to the Rod for Plumbing. — In accurate
work it will be convenient to use some device for holding the
rod plumb. Spirit levels attached to brass “angles’ which may
be secured to a corner of the rod are very convenient. Two
patterns are shown in Fig. 42. In some rods the levels are set
permanently into the rod itself.

110. Effect of Heat and Moisture. — Changes of temperature
do not have a serious effect on rods since the coefficient of ex-
pansion of wood is small. The effect of moisture is greater,
however, and consequently if very accurate leveling is to be
done the rod should be compared frequently with a standard.
Rods soaked in paraffin are less affected by moisture than those
which have not been so treated.

USE OF THE LEVEL AND ROD.

111. In order to obtain the difference in elevation between
two points, hold the rod at the first point and, while the instru-
ment is level, take a rod-reading. This is the distance that the
bottom of the rod is below the line of sight of the level. Then
take a rod-reading on the second point and the difference
between the two rod-readings is the difference in elevation of
the two points.

112. To LEVEL THE INSTRUMENT. — Set up the instru-
ment in such a position that the rod can be seen when held on
either point and at such height that the horizontal cross-
hair will strike somewhere on the rod. In setting up the level,
time will be saved if the habit is formed of doing nearly all of
the leveling by means of the tripod legs, using the leveling
screws only for slight motions of the bubble in bringing it to the
middle of the tube. Turn the telescope so that it is directly
over two opposite leveling screws. Bring the bubble to the
center of the tube approximately; then turn the telescope until
it is over the other pair of leveling screws and bring the bubble
exactly to the center. Move the telescope back to the first
position and level carefully, and again to the second position if
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necessary. If the instrument is in adjustment and is properly
leveled in both directions, then the bubble will remain in the
center during an entire revolution of the telescope about the
vertical axis. The instrument should not be clamped ordinarily,
but this may be necessary ‘under some circumstances, for ex-
ample, in a strong wind.

113. TO TAKE A ROD-READING. — The rodman holds the
rod on the first point, taking pains to keep it as nearly plumb as
possible. The levelman focuses the telescope on the rod, and
brings the bubble to the center while the telescope is point-
ing at the rod, because leveling over both sets of screws will not
make the bubble remain in the center in all positions unless the
adjustment is perfect. If a target rod is used, the target should
be set so that the horizontal cross-hair bisects it while the bubble
is in the center of the tube. It is not sufficient to trust the
bubble to remain in the center; it should be examined just
before setting the target and immediately afterward, at every read-
ing. The levelman signals the rodman to move the target up or
down. When the center of the target coincides with the hori-
zontal cross-hair the levelman signals the rodman, « All right ”
(Art. 115), and the rodman clamps the target and reads the
rod. This reading is then recorded in the note-book. In ac-
curate work the levelman should check the position of the target
after it has been clamped to make sure that it has not slipped
in clamping. For readings to hundredths of a foot it is not neces-
sary to clamp the target ; the rodman can hold the two parts of
the rod firmly together while he reads’it.

While the levelman is sighting the target, the rodman should
stand beside the rod so that he can hold it as nearly vertical as
possible in the direction of the line of sight. The levelman can
tell by means of the vertical cross-hair whether it is plumb in
the direction at right angles to the line of sight. It is extremely
important that the rod be held plumb. Vertical lines on build-
ings are a great aid to the rodman in judging when his rod is
plumb. If the wind is not blowing the rodman can tell when
the rod is plumb by balancing it on the point.

114. WAVING THE RoD. — In careful work when the “long
rod " is used it may be plumbed in the direction of the line of
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sight by “waving the rod.”” To do this the rodman stands
directly behind the rod and inclines it toward the instrument so
that the target will drop below the line of sight. He then slowly
draws it back, causing the target to rise. It will be highest
when the rod is plumb. If at any point the target appears
above the cross-hair it should be lowered. If, while the rod is
being waved, the target does not reach the cross-hair the target
must be raised and the process repeated until as the rod is
waved there appears to be just one place where the target coin-
cides with the horizontal line of sight. Whenever close results
are desired it will be.well to take several readings on each point
and use the mean.

115. Signals, — While the rodman. is seldom very far away
from the levelman in this work still it is often convenient to use
hand signals. The following are commonly used in leveling.

«Up" or «“ Down.” — The levelman motions to the rodman
by raising his arm above his shoulder for an upward motion and
dropping his arm below his waist for a downward motion. A
slow motion indicates that the target should be moved a consid-
erable amount and a quick motion indicates a short distance.

“All Right”” — The levelman extends both hands hori-
zontally and waves them up and down.

“ Plumb the Rod.”” — The hand is extended vertically above
the head and moved slowly in the direction it is desired to have
the rod plumbed.

“ Take a Turning Point.”” — The arm is swung slowly in a
circle above the head.
“Pick up the Level” — When a new set-up of the level is

desired the chief of party signals the levelman by extending
both arms downward and outward and then raising them quickly.

Some surveyors use a system of signals for communicating
the rod-readings, but mistakes are liable to be made unless great
care is used.

116. DIFFERENTIAL LEVELING. — Differential leveling is the
name given to the process of finding the difference in eleva.
tion of any two points. In Art. 111 the simplest case of differ-
ential leveling is described. When the points are far apart the
instrument is set up and a rod-reading is taken on the first point.
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This is called a dacksight or plus sight and is usually written B. S.
or + S. Next the rod is taken to some well-defined point which
will not change in elevation (such as the top of a firm rock)
and held upon it and a reading taken. This is called a foresig/z
or minus sight and is written F. S. or —S. The difference be-
tween the two readings gives the difference in elevation between
this new point and the first point. | This second point is called a
turning point and is written 7. P. The level is next set up in
a new position and a backsight taken on the turning point. A

FI1G. 43. DIAGRAM ILLUSTRATING DIFFERENTIAL LEVELING.

new turning point is then selected and a foresight taken upon it.
This process is continued until the foresight is taken on the final
point. The elévation of the last point above the first is equal to
the sum of all the backsights minus the sum of all the foresights.
If the result is negative, i.e., if the sum of the foresights is the
greater, then the last point is below the first. The form of notes
for this work is shown below, and the fieldwork is illustrated by

Fig. 43.
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Point + Ss. - S. . REMARKS
A, 8160 |[....... Highest pointon stone bound, S, W, cor.Xand Y Sts.
T.P. 7.901 2.404
T. P. 9.446 g.o7o
T.P. 8.005 .9o6
B. . 2.107 | N. E. cor. stone step No, 64 M St.
33-512 | 14.487
14.487

Diff. 19.025 B above A.

117. The Proper Length of Sight.— The proper length of
sight will depend upon the distance at which the rod appears
distinct and steady to the levelman, upon the variations in read-
ings taken on the same point, and upon the degree of precision
required. Under ordinary conditions the length of sight should
not exceed about 300 ft. where elevations to the nearest 0.01 ft. are
desired. “Boiling” of the air due to irregular refraction is fre-
quentlysotroublesome that longsightscannot be taken accurately.

If the level is out of adjustment the resulting error in the rod-
reading is proportional to the distance from the instrument to the
rod. If the level is at equal distances from the rod the errors are
equal and since it is the difference of the rod-readings that gives
the difference in elevation, the error is eliminated from the final
result if the rodman makes the distance to the point where the
foresight is taken equal to the distance to the backsight by count-
ing his paces as he goes from one point to the other.

118. Effect of the Earth’s Curvature and of Refraction on
Leveling. — Since the surface of the earth is very nearly spherical,

A

F1G. 4. DIAGRAM ILLUSTRATING EFFECT OF EARTH'S CURVATURE
AND OF REFRACTION.

any line on it made by the intersection of a vertical plane with the
earth’s surface is practically circular. In Fig. 44 the distance
AA'’ varies nearly as A’L* (see foot-note, p. 339). The effect of
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the refraction of the atmosphere is to make this offset from the
tangent appear to be 4’ which is about one-seventh part smaller
than A’A. This offset, corrected for refraction, is about 0.57
ft. in one mile ; for 300 ft. it is 0.002 ft.; for 500 ft., 0.005 ft. ;
for 1000 ft,, 0.020 ft. If the rod is equally distant from the
instrument on the foresight and backsight the effect of curva-
ture and refraction is eliminated from the result.

119. PRECAUTIONS IN LEVEL WORK. — Nearly all of the
precautions mentioned in Art. 68, p. 55, for the transit instru-
ment, are also applicable to the level. Care should be taken
not to strike the rod on the ground after it has been clamped
and before it has been read.

ADJUSTMENTS OF THE LEVEL.

I. ADJUSTMENTS OF THE WYE LEVEL.

120. ADJUSTMENT OF THE CROSS-HAIRS. —(a) To make the
Horizontal Cross-Hair truly Horizontal when the Instrument is
Leveled. This may be done by rotating the cross-hair ring as in
the case of the transit (Art. 71, p. §7), if the instrumerit is so
constructed that the telescope cannot be rotated in the wyes.
In many instruments the telescope can be rotated in the wyes.
In some levels the telescope is always free to rotate in the
wyes, while others are provided with a stop regulated by an ad-
justing screw, which prevents the telescope from rotating beyond
a certain point. .

The instrument is leveled and some point found which is
covered by the horizontal cross-hair. The telescope is turned
slowly about the vertical axis so that the point appears to traverse
the field of view. If the point remains on the cross-hair the ad-
justment is perfect. If it does not, then an adjustment must be
made, the manner of doing this depending upon the construction
of the instrument. If the telescope cannot be rotated in the
wyes the adjustment is made by rotating the cross-hair ring,
similar to the adjustment described in Art. 71, p, 57. If the tele-
scope has a stop-screw this must be moved until the instrument
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satisfies this test. If the telescope can rotate freely in the wyes
it can be turned by hand until it satisfies the test. Since there
is nothing to hold the telescope in this position the ad]ustment
in the last case is likely to be disturbed at any time.

121. (b) When the above adjustment is completed the Line
‘of Sight should be made to Coincide with the Axis of Pivots, or
Parallel toit. (See Fig. 45.) Pull out the pins which hold the
clips on the telescope and turn the clips back so that the telescope
is free to turn in the wyes. Sight the intersection of the cross-
hairs at some well-defined point, using the leveling screws for the
vertical motion and the clamp and tangent screw for the hori-
zontal motion. Then rotate the
telescope 180° in the wyes, so that
the level tube is above the tele-
scope. The intersection of the
cross-hairs should still be on the
point. If not, move the horizontal
cross-hair half-way back tb its first
position by means of the upper and
lower adjusting screws of the cross-
hair ring. Then move the vertical
cross-hair half-way back to its first F —

ces . IG. 46. ADJUSTMENT OF
position by the other pair of screws. THE CRoss-HAIRS (SEc-
Repeat the test until the adjust- OND PART).
ment is perfect.

122. ADJUSTMENT OF THE LEVEL TUBE. — To make the
Line of Sight and the Level Tube Parallel to Each Other. Two
methods are used, —the direct, or « peg,” method and the 7zn-
direct method. While the former is the only one applicable to
the dumpy level either one can be used for the wye level,
although the indirect method is the simpler.

123. ADJUSTMENT OF THE LEVEL TUBE BY INDIRECT
METHOD. —(a) To put the Axis of the Bubble Tube in the Same
Plane with the Line of Sight. Bring the bubble to the center of
the tube and rotate the telescope in the wyes for a few de-
grees (very little is necessary); if the bubble moves toward one
end of the tube that end must be the higher, which indicates
:he direction in which the adjustment should be made. Move

p——
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the screws controlling the lateral movement of the tube until the
bubble returns to the center. Test the adjustment by rotating
the telescope each way.

124. (b) To make the Axis of the Bubble Tube and the Line of
Sight Parallel to Each Other. First clamp the instrument (over a
pair of leveling screws), then bring the bubble to the center of
the tube, lift the telescope out of the wyes, turn it end for end
and set it down in the wyes, the eye end now being where the
objective was originally. (See Fig. 46.) This operation must
be performed with the greatest care, as the slightest jar of the
instrument will vitiate the result. If the bubble returns to the
center of the tube, the axis of the tube is in the correct position.
If it does not return to the center, the end of the tube provided

LINE OF SIGHT

] : VA

True Position
od Posifion ———

| 2l

F1G. 46. ADJUSTMENT OF THE BUBBLE TUBE BY INDIRECT METHOD.

with the vertical adjustment should be moved until the bubble
moves half-way back to the center. This test must be repeated
to make sure that the movement is due to defective adjustment
and not to the jarring of the instrument.

125. ADJUSTMENT OF THE WYES. — To mak: the Axis of

F1G6. 47. ADJUSTMENT OF THE WYES.
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the Level Tube Perpendicular to the Vertical Axis of the Instrument.
Bring the two clips down over the telescope and fasten them.
Level the instrument, bring the bubble precisely to the middle
of the tube over one set of leveling screws, and then turn the
telescope 180° about the vertical axis. If the bubble moves
from the center bring it half-way back by means of the adjusting
screws at the foot of one of the wye supports. (See Fig. 47.)

Since the bubble is brought to the center of the tube each
time a rod-reading is taken this last adjustment in no way affects
the accuracy of the leveling work but is a convenience and a
saving of time.

II. ADJUSTMENTS OF THE DUMPY LEVEL.

126. ADJUSTMERT OF THE CROSS-HAIR.— If the horizon-
tal cross-hair is not truly horizontal when the mstrument is level
it should be made so by rotating the cross-hair ring as described
in the adjustment of the transit, Art. 71, p. 57.

127. ADJUSTMENT OF THE BUBBLE TUBE. — To make the
Axis of the Bubble Tube Perpendicular to the Vertical Axis. Owing
to the construction of the dumpy’level it is necessary to make
this adjustment before making the line of sight parallel to the
bubble tube. It is done by centering the bubble over one pair
of leveling screws, and turning the instrument 180° about the
vertical axis. If the bubble does not remain in the center of the
tube, move it half-way back to the center by means of the adjust-
ing screws on the level tube.

128. THE DIRECT, OR “ PEG,” ADJUSTMENT. — To make the
Line of Sight Parallel to the Axis of the Bubble. (See Fig. 48.)
Select two points 4 and B, say, 200 ft. or more apart. Set up
the level close to 4 so that when a rod is held upon it the eye-
piece will be only about a quarter of an inch from the rod.
Look through the telescope wrong end to at the rod and find the
reading opposite the center of the field. After a little experience
it will be found that this can be done very accurately. From
the fact that only a small portion of the rod is visible it will be
found convenient to set a pencil-point on the roc at the center of
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the small field of view. Turn the telescope toward B and take
a rod-reading on it in the usual way, being certain that the bub-
ble isin the middle of the tube. The difference between these
two rod-readings is the difference of elevation of the two points
plus or minus the error of adjustment. The level is next taken to
B and the above operation is repeated. The result is the differ-
ence in elevation minus or plus the same error of adjustment,
The mean of the two results is the true difference in elevation of
points 4 and B. Knowing the difference in elevation between
the two points and the height of the instrument above B the rod-
reading at 4 which will bring the target on the same level as
the instrument may be computed. The bubble is brought to the
center Of the tube and the horizontal cross-hair raised or lowered
by means of the adjusting screws on the cross-hair ring until the
line of sight strikes the target. In this method the small error
due to curvature of the earth (nearly o.oo1 ft. for a 200-t. sight)
has been neglected.

ExaAMPLE. (See Fig. 48.)

Instrument at A.
Rod-reading on A = 4.062
Rod-reading on Be=gsa29
Diff. in elev. of A and B = 1.067
Instrument at B.
Rod-reading on B = 35076
Rod-reading on A =4.127
Diff. in elev. of B and A = 0,949

M = 1,008 true diff, in elev.

Instrument is now 5.076 above B.
Rod-reading at A should be 5.076 — 1.008 = 4.068 to give a level sxght

Mean of two diff. in elev, =

The peg method may be used for adjusting the wye level or
the transit, the difference being that in the dumpy level the axis
of the bubble tube is first made horizontal and then the line of
sight is brought parallel to it, while in the wye level and in the
transit the line of sight is first made horizontal and then the axis
of the bubble tube is made parallel to it. Consequently, in the
former case the cross-hair ring is moved in adjusting whereas in
the latter case the adjustment is made in the bubble tube. This
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adjustment in its simplest form is described in the following
article.

- e e o = S29 e o e
e e o o e 3076 e e e e e

F1G. 48. PEG ADJUSTMENT.

129. ADJUSTMENT OF THE LOCKE HAND LEVEL. — In ad-
justing the hand level the principle of the peg adjustment is
used. The level is placed at a mark A4 (Fig. 49) and another
mark B in line with the cross-hair is made, say, 100 ft. away,

F1G6. 49. PEG ADJUSTMENT FOR HAND LEVEL.

when the bubble is in the middle. The level is then taken to
B, held so that its center is at the height of this mark, and
sighted toward the first point. A third point C is marked in
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line with the cross-hair when the bubble is in the middle. The
point midway between 4 and C is at the same level as B. The
adjustment is made by screws which move the horizontal wire.

130. COMMON SOURCES OF ERROR IN LEVELING. —

1. Improper focusing (parallax).

2. Bubble not in middle of tube at instant of sighting.

3. Rod not held plumb.

4. Foresights and corresponding backsights on turning
points not equally distant from the instrument.

5. Poor turning points selected. (See Art. 224, p. 202.)

131. COMMOR MISTAKES. —

1. Foresight and Backsight not taken on exactly the same
point.

2. Neglecting to set target accurately when “long rod” is
used.

3. In the use of the self-reading rod neglecting to clamp the
rod at the proper place when “long rod ”’ is used.

4. Reading the wrong foot-mark or tenth-mark.

5. In keepmg notes, —getting F. S. in B. S. column or
vice versa.

6. In working up notes, adding F. S. or subtracting B. S.

PROBLEMS.

L A wye level was tested for the sensitiveness of the bubble, as follows :
the rod was held on a point 200 ft. away; the bubble was moved over 13.6 divi-
sions of the scale; the rod-readings at the two extreme positions of the bubble
were 4.360 and 4.578. Compute the average angular value of one division of the
level.

2. A dumpy level was tested by the peg method with the following results,

Instrument at 4 : — Instrument at B : —
+ S.on 4, 4.139 + S.on B, 3.900
— S.on B, 4.589 — S.on 4, 3.250

Find the rod-reading on 4 to give a level line of sight, the instrument remaining
3.900 above B, Was the line of sight inclined upward or downward? How
much?
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3. The target on a Boston rod has been disturbed and it is desired to find out
if the target is in the correct position with reference to the scale. Describe a
method by which the amount of this error can be determined.

4. A New York rod is found to be o.00z ft. short, due to wear on the brass
foot-plate. Explain what effect this will have in finding the difference in eleva-
tion between two points. ’

5. (a). A level is set up and a + S. of 5.098 is taken on a point 400 ft. away,
then a — S. of 3.260 is taken on a point goo ft. away. What is the curvature and
refraction correction? What is the difference in elevation of the two points?

(b). In another case a + S. of 8.2G6 was taken on a point 100 ft, away
and a — S. of 6.405 taken on a point 6oo ft. away. What is the curvature and
refraction correction? What is the difference in elevation of the two points?
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PART IL
SURVEYING METHODS.
CHAPTER V.

LAND SURVEYING.

132. SURVEYING FOR AREA.—In surveying a field for the

purpose of finding its area the instruments and methods
used will- be determined largely by the degree of accuracy
required. If it is permissible to have an error in the area of,
say, 0.5 per cent then the compass and chain may be used. If
accuracy much greater than this is required it will be necessary
to use the transit and the steel tape. At the present time,
however, in nearly all work except surveys of farms and wood-
lands, the transit is used even under conditions where the
compass would give the required accuracy.
"~ Insurveying a field all the angles and lengths of the sides
are determined consecutively, the survey ending at the point
from which it was started. Then by trigonometry the position of
the final point or of any other point with relation to the starting
point can be readily calculated. If the survey were absolutely
accurate the last point as calculated would coincide with the
first, but this condition is never attained in practice. The
calculated distance between the two, divided by the perimeter
of the field, is usually called the error of closure ; * it is often
expressed in the form of a fraction in which the numerator is
unity. In surveying with a compass and chain the error of
closure expected is about 1 part in 500, expressed as 5—;()-

133. SURVEYING FOR AREA WITH COMPASS AND CHAIN. —
If the area alone is desired the surveyor's 4-rod chain will be

® The term error of closure more properly applies to the actual distance by
which the survey fails to close, but as this is generally expressed in the form of a
fraction the term has commonly been applied to the latter.

99
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convenient on account of the simple relation existing between
the square chain and the acre (Art. 4, p. 3). In making a survey
enclosing an area it is customary to begin at some convenient
corner and to take the bearings and the distances in order
around the field. As the measurements are made they are
recorded in a field note-book. It is not necessary to take the
sides in order, but since they must be arranged in order for the
purpose of computing the area it will be convenient to have them
so arranged in the original notes. If the length and bearing
of any side are omitted the area is nevertheless completely
determined (Art. 397, p. 366), but as these two measurements
.furnish a valuable check on the accuracy of all the measurements
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F1G6. 50. NOTEs OF CHAIN AND COMPASS SURVEY.

they never should be omitted if they can be taken. It is of the
utmost importance in every survey that check measurements
should be taken. Even a few rough checks taken in the field
which will require only a little extra time often prove to be of
great value in detecting mistakes. Both a forward bearing and
a back (or reversed) bearing should be taken at each corner;
from these the angle at a corner can be obtained free from error
due to any local attraction of the needle. The above process
gives a series of connected straight lines and their bearings
(or the angles between them), which is called a zzaverse.

It is often impossible to set the compass up at the corners
of the property, and in such cases assumed lines running
parallel or approximately parallel to the property lines can be
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surveyed as described in Art. 134, and the area determined.
In some cases the compass can be set on the property line at
an intermediate point and the bearing obtained, but the sur-
veyor must be sure that there is no local attraction of the needle
at this point. All points where the compass is set should
be marked and described so that they can be found again. If
any instrument point is not otherwise dcfined it may be tem-
porarily marked by a small stake and several reference
measurements made from this stake to prominent objects
nearby, so that its position can be relocated if the stake is lost.
These measurements are called #ses. '

Notes of the traverse are usually recorded as shown in

Fig. so.

SURVEY OF FIELD WITH TRANSIT AND TAPE.

134. SURVEY OF A FIELD BY A TRAVERSE. — Surveying
a field for area can usually be done in one of the three following
ways.

(1). By setting up the transit at “he corners of the property
and measuring the angles directly ; the distances being measured
directly along the property lines.

(2). When the property lines are so occupied by buildings
or fences that the transit cannot be set up at the corners, but
the distances can still be measured along the property lines, then
the angles at the corners are obtained by measuring the angles
between lines which are parallel to the property lines.

(3). If the boundaries of the property are such that it is not
practicable to set the transit up at the corners nor to measure
the distance directly on the property lines, a traverse is run
approximately parallel to the property lines and these lines con-
nected with the traverse by means of angles and distances.

135. In case (2) the parallel lines are established in
the following manner. Set the transit up at some point £



102 .. .... . .LAND SURVEYING [Crar. V.
(Fig. 51) within 2 or 3 ft. of thecorner 4. Establish the line £EF
parallel to 4D by making DF = AH by trial. Point A cannot
be seen through the telescope, but it is so near the instrument
that by means of the plumb-line on the transit it can be accu-
rately sighted in by eye. Similarly £G is established parallel to

AB. Then the angle FEG is measured ; and this is the property
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TRANSIT LINES PARALLEL TO THE SIDES OF FIELD.

FiG. 51.
angle at 4. It is evident that the values of Aff and DF and of

ATl and BG are of no permanent use and are therefore not recorded
When practicable it is advisable to choose the

in the notes.

transit point, X for example, on one of the property lines or its
prolongation. Fig. 52 is a set of notes illustrating either
case (1) or (2).

136. In case (3) the transit can be set up at an arbitrary
point marked by a stake and chosen far enough from one
of the corners so that the telescope can be focused on it. In
this way all the corners of the traverse are chosen so that the
traverse will be approximately parallel to the sides of the field.
The angles and distances of this traverse are then measured.
To connect the property lines with this traverse, angles and dis-

tances are measured to the respective corners of the property
Fig. 53 isa

before the instrument is moved to the next point.
Time can be saved in the

set of notes illustrating this case.
computations and a good check on the work may be obtained if
These are

the property lines are also measured when possible.
not only useful as checks on the accuracy of the survey, but the
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length of the sides will be needed in giving a description of the
property.

These three methods which have been described may be
combined in any survey according to circumstances.

137. Irregular Curved Boundaries. — When a tract of land is
bounded by an irregular curved line such as a brook it is custom-
ary to run the traverse line near it, sometimes crossing it several
times, and to take perpendicular offsets to the brook. If itisa
winding brook with no distinct turns in it, offsets at regular in-
tervals are measured from the transit line as in the portion near
point 4 of Fig. 53. Near point B in this figure the brook has
practically a direct course between its turns, in which case the
proper measurements to make are the offsets to those points
where the course of the brook changes and the distances
along the transit line between these offset lines. Since they
are usually short the right-angle offset lines are laid off by
eye.

138. SURVEY OF A FIELD BY A SINGLE SET-UP OF
THE TRANSIT. — When it is necessary to economize time in the
field at the expense of accuracyand of the time required to calculate
the survey the following method may be used. If possible set up
at a point within the field, preferably near the middle, from which
all the corners can be seen, and measure the angles and distances to
each corner. In this way the field is divided into several oblique
triangles in each of which two sides and the included angle have
been measured and from these the area and third side (property
line) can be computed. As a check on the measured angles
their sum should be 360°; there is no check on the property
lines unless they are measured directly.

This method of surveying a field may be employed as a check
on one of the other methods which have already been described,
but is not recommended as a method to be used by itself except
in emergencies. The weak point in it is the low degree of pre-
cision with which the angles are_ usually measured. Here the
effect of an error of, say, 30 seconds in an angle may often be
much larger than the errors in the measured distances (Art. 352,
p- 325). The additional measurement of the property line gives
the length of all three sides of the various triangles into which
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the field is divided. If the area is calculated from the three
sides of the triangles, using the measured angles as checks only,
an accurate result may be obtained, but at the expense of con-
siderable office work.
139. SURVEY OF A FIELD WITH A TAPE ONLY. — Some-
times it may be necessary to survey a field when a transit is not
at hand. This can be done by dividing the field into several tri-
" angles and measuring all their sides. To insure accuracy of re-
sults the triangles should be so chosen that there are no angles
in them less than 30° or greater than 150°. This method will
require a large amount of computation if the angles as well as
the area of the field are desired. Lining in by eye will give ac
curate results in distances along the line, but only approximate
side measurements can be obtained from such a line.

140. SELECTING THE CORNERS. — If a corner is marked by a
stone bound the exact point may be easily found ; but where it is
simply defined as the intersection of stone walls or fences the
surveyor will have to examine all evidence as to its position and

.use his judgment in deciding where the true corner is located
(Art. 151, p. 116). When the property is bounded by a public
way or a town boundary such data relating to the location of these
lines must be obtained from the proper local authorities. After
determining the position of the corner points, the surveyor should
use precisely the same points in all distance or angle measure-
ments. If stakes are used the exact point is marked by a small
tack driven into the top of the stake.

In deciding upon the location of the boundary lines from an
examination of artificial features it should be borne in mind that
it is customary to build fences or walls along highways entirely
on private property so that the face of the wall or fence is on the
side line of the highway. In cities the base-board of a fence is
usually built so that its face is on the street line, but the location
of the fences has no weight when the street line is defined by
stone bounds or other permanent marks (Art. 253, p. 227). For
boundaries between private lands the legal line is, in the case of
a stream, the thread (not necessarily the center) of the stream ;
the center of the stone wall or Virginia rail fence; the line be-
tween the bottom stringer and the boarding or pickets of an
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ordinary fence, the fence-posts being entirely on one side of the
boundary line. Not infrequently woodland is marked off by
blazing the trees on one or both sides of the boundary line, the
blazing being done on the side of the tree nearest the boundary
line. If a tree comes directly on the line it is blazed on both
sides where the line strikes it. - A small pile of stones, sometimes
with a stake in the center of the pile, is often used to mark the
corners of such land.

141. METHOD OF PROCEDURE.— In deciding where the
traverse shall be run the surveyor should keep in mind both con-
venience in fieldwork and economy in office work. Frequently a
method of procedure which shortens the time spent in the field
will greatly increase the amount of labor in the office. ~Circum-
stances will determine which method should be used. If there
is no special reason why the time in the field should be shortened,
the best arrangement of the traverse will be the one that will
make the computation simple, and hence mistakes will be less
liable to occur. If the lines of the traverse coincide with the
boundary, as in cases (1) and (2), the amount of office work will
be the least. If in case (3) the traverse lines are approximately
parallel and near to the boundaries of the property the computa-
tion of the small areas to be added to or subtracted from the
area enclosed by the traverse is simplified to sume extent.

142. Ties. — All important points temporarily marked by
stakes should be “tied in,” i.e., measurements should be so taken
that the point may be readily
found or replaced in the future. Qz'm

There should be at least three }D.G‘bwch
horizontal ties which intersect at ?

(]
angles not less than 30°. They ¥
should be taken from easily rec- Sk
ognized definite points, such as 4,
blazed trees, stone bounds, fence AN
posts, or buildings. All such ;:kn
measurements should be care- Sne.
fully recorded, usually by means

of a sketch. Fig. 54 shows a
stake located by ties measured to tenths of a foot ; these are taken

Fi1G. 54. APPROXIMATE TIES.
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simply to aid in finding the

godk
% stake.
% g™ It is often desired to take the
s%“p ties so that the exact point can
% w

P be replaced. In such cases the

surveyor should mark carefully

& Tesce by tack or crow-foot the exact

F16. 66. ExXAcT TIES. points from which measure-

ments (taken to }4 ft.) are

made, and record the entire information in the notes as shown
in Fig. 55.

143. Measurement of the Angles of the Traverse. — The
angles of the traverse may be measured in any one of three ways;
by measuring the interior angle, by measuring the deflection angle,
which is the difference between the interior angle and 180° or
by measuring the azimuth angle.

" In practice the deflecti.n angle is measured directly by sight-
ing back on the previous point with the vernier at 0° and the
telescope inverted, then revolving the telescope about its hori-
zontal axis to the direct position and turning the upper limb tc
the right or left until the next point is sighted. The deflection
angle as recorded in the notes is marked R or L to indicate
whether the telescope was turned to the right or left. It is evi-
dent that a single measurement of the deflection angle is affected
by any error in the adjustment of the line of sight as well as of
the standards. If the deflection angle is “doubled ”’ by turning
to the backsight with the instrument direct and the angle re-
peated a check on the angle is obtained and the errors of adjust-
ment are also eliminated (Art. 79, p. 61). Where this procedure
is followed it will be convenient to make the first backsight witt
the instrument direct so that when the second foresight is taken
the instrument will again be in the direct position and ready for
lining in.

144. MEASUREMENT OF AzIMUTH ANGLES. — By the azi-
muth method the angles are measured as follows. The transit
is set up at a point 4 (Fig. 56), the vernier set at 0 the tele-
scope turned until it points to the south, and the lower plate
clamped. Either the true or the magnetic south may be used,
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but if neither is known any arbitrary direction may be assumed.
The upper clamp is loosened and the telescope sighted on B.
The angle read on the vernier is the azimuth of 4B, the circle
being read in a clockwise direction (Art. 24, p. 16). The tran-
sit is next moved to B.

The azimuth of BC may be obtained in one of two ways.
(1) Invert the telescope and backsight on A, the vernier remain-
ing at the reading it had at 4 ; then clamp the lower plate, turn
the telescope to its direct
position, and sight on C
The angle on the vernier is
the azimuth of BC referred
to the same meridian as the
azimuth of 4B. The disad-
vantage of this method is
that the error of collimation
enters the azimuth angle each
time. (2) Add 180° to the
azimuth of AB, set: this off
on the vernier, and sight on
A. The telescope may then
be turned directly to C' (with-  Fic. 56. AziMmuTh ANGLEs.
out inverting) and the azi-
muth of BC can be read directly on the vernier. The disad-
vantages of this method as compared with the former are that
the error of eccentricity of the circle enters, that time is con-
sumed in setting the vernier at each set-up of the instrument,
and that there is an opportunity for mistakes in calculating and
in making the setting on the vernier.

In the azimuth method the angles of the traverse are checked
by the fieldwork. After point D has been occupied, the transit
is again set up at 4 and the azimuth of 4B determined from a
backsight on D. This azimuth of A48 should agree with the
original azimuth of this line. In ordinary land surveying the
azimuth method of measuring the angles is little used.

145. Checking the Fieldwork. — The transit is set over the
selected points and the angles between the adjacent lines
measured. If the work is not to be of unusual precision a
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transit reading to one minute will be sufficient. A single
measurement will give the angle with sufficient precision, but
as it is important in all cases to have a check on the work it is
advisable to “double the angle’ (Art. 60, p. 50), even though
it is not necessary to use this method for the purpose of pre-
cision. Referring to Fig. 52, p. 103, it will be seen that the
angles were quadrupled where the sides were long, and doubled
where they were short. In this case the angles were repeated
to obtain greater precision.

As an additional check against large errors in the angles, the
magnetic bearing of each line should be read, thus enabling one
to detect mistakes greater than a quarter of a degree and to
guard against reading Right for Left in deflectionangles. These
bearings also show the approximate directions of the lines of the
survey. This check should always be applied in the field so that
any mistake in reading the angles can be rectified before leaving
the work. This may be done by calculating each angle from the
observed bearings of the adjacent sides ; or by starting with one
observed bearing (assumed to be correct); calculating the other
bearings in succession by means of the measured angles, and
noting whether the observed bearings agree approximately with
the calculated bearings.

After the angles have been measured, the accuracy of the
transit work may be tested by adding them together. The sum
of the interior angles of the field should equal (7—2) X 180°
where 7 is the number of sides in the field. If the deflection
angles are used the sum of all the right deflections should differ
from the sum of all the left deflections by 360° or in other
words, the algebraic sum of the deflection angles should be
360°.

It is frequently important to check the distances before
leaving the field. If there is any doubt as regards the correctness
of the measurement of a line it should be remeasured, preferably
in the opposite direction, so that the same mistake will not be re-
peated. (See line 4B in Fig. 52, p. 103.) If the traverse lines
do not coincide with the boundaries, an independent check is
obtained by measuring along the boundaries as well as on the
traverse line, as in Fig. 53, p. 104. This furnishes at once a
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rough check on the distances in the field and a close check after
the survey has been calculated. It is often advisable to run a
line across the traverse, especially when there are many sides
to the field, thus dividing the field into two parts, as in
Fig. 52, p. 103. If any mistake has been made it is then
possible to tell in which portion of the traverse it occurred
(Art. 407, p. 371).

146. ACCURACY REQUIRED. — In order that the accuracy
in the measurement of distances shall be consistent with that
of the angles it is necessary that great care should be exercised
in holding the tape horizontal, in the plumbing, in the ahgmng,
and in securing the proper tension.

If the angles are measured to the nearest minute and the dis-
tances to the nearest tenth of a foot, it will be sufficiently accu-
rate to use sighting-rods in “giving line.” The error of closure
of such a survey should be not greater than gg;5, but would sel-
dom be less than 15355 (Art. 132, p. 99).

If the property is very valuable, as in the case of city build-
ing lots, it is well to use a transit reading to 30" or 20””. The
angles should be repeated, not only as a check against mistakes,
but to increase the precision of the measurement (Art. 59, p. 48).
The tape measurements should be made with special care, and
should be taken to the nearest hundredth ofa foot. In the best
work the temperature correction should be applied, a spring bal-
ance should be used to give the right pull on the tape, the cor-
rection to the standard distance should be determined (Art. 241,
p. 216), the alignment given with the transit, and great care
taken in plumbing. Sightsare given by holding a pencil vertically
on top of the tack on the stake or by plumb-line (Art. 65, p. 52).
In this work it is important that the property line should be fol-
lowed, when possible, to insure the most accurate results. In
such work an error of closure of z3455 or better is expected
It is customary on most city work to neglect the effect of tempera-
ture and to omit the use of the spring balance, the pull being
carefully judged. This sort of work should give results as close
as zydgy» and an accuracy of y5}45 is sometimes reached.

147. ORGANIZATION OF TRANSIT PARTY. — Transit surveys
can be readily carried on by a party of three men. The note
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keeper who is in ‘charge of the party directs the entire work ;
the transit-man who has the instrument always in his care sets
it up where directed by the note keeper, reads the angles and gives
line when desired ; the chainman generally acting as head-chain-
man and the note keeper as rear-chainman, measure all distances.

148. NOTE KEEPING.— All measurements should be recorded
in a special note-book as soon as they are made and never left to
be filled in from memory. The notes should be neat and in clear
form so that there will be no doubt as to their meaning.  Great
care should be taken so that they shall not be susceptible of any
interpretation except the right one. They are generally re-
corded in pencil, but they should always be regarded as
permanent records and not as temporary memoranda. As other
persons who are not familiar with the locality will probably use
the notes and will depend entirely on what is recorded, it is
very important that the notes should contain all necessary data
without any superfluous information. If the note keeper will
bear in mind constantly how the survey is to be calculated or
plotted it will aid him greatly in judging which measurements
must be taken and which ones are unnecessary. Clearness is of
utmost importaace in note keeping, and to attain it the usual
custom is not to attempt to sketch to scale; and yet in surveys
where considerable detail is desired it is sometimes well to
carry out the sketches in the note-book approximately to scale.
Care should be taken not to crowd the notes, — paper is
cheap, — and an extra page of the note-book devoted to a
survey may save hours of time in the office consumed in trying
to interpret a page of crowded data. Too much stress cannot
be laid on the importance of being careful not to lose the note-
book ; not infrequently a note-book contains data which thou-
sands of dollars could not replace.

Although sufficient fulness to make the notes clear is
desirable, it is customary to abbreviate the names of the
artificial features most commonly met with by the surveyor.
To properly understand a set of notes one must be familiar
with these abbreviations, some of the more common of which
are enumerated.



NOTE KEEPING 113

Stone bound.

Monument.

Triangulation Station.

Stake.

Tack.

Nail.

Spike.

Drill-hole.

Crow-foot (a mark like this \J or V).
Cut crow-foot (cut into wood or stone).

Center.

Center line,

Curb.

Catch basin.

Manhole.

Telegraph pole.

Fence.

Fence, showing on which side the posts are.

Base-board of fence.

Line of building; the outside line is the base-
board, the cross-hatched part is the line.of the
stone or brick underpinning.

|l 22pemr g *grzy

]

Lid

Distances should always be recorded in such a way as
to indicate the precision with which they were taken.: For
example, if they were taken to hundredths of a foot and a
measurement happened to be just 124 ft. it should be re-
corded as 124.00, not as 124. The two zeros are of as much
consequence as any other two digits which might have come in
their places. Angles which have been read to the nearest half-
minute, however, are recorded as follows: 6° 47’ 30”. It will
be seen that this is not consistent with the foregoing. A more
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proper way of reading this angle would be 6° 474, but this is not
common practice.

In addition to the measurements every set of notes should
contain the following information:—the kind of work, the
locality, the date, and the names of members of the field party.
It is well to also state the names or numbers of the instruments
used and their errors. Where a survey is continued for several
pages the date may be placed at the top of every page; other
data need not be repeated. Fig. 50, p. 100, Fig. 52, p. 103, and
Fig. 53, p. 104, are good examples of field notes.

149. SURVEY OF A FIELD FOR A DEED.— In this case
the lengths and bearings of all the boundaries are desired. The
traverse lines should therefore follow the property lines, if
possible. The bearings desired are not the observed magnetic
bearings, but are those calculated by means of the transit angles
as explained in Art. 145, p. 109, and therefore are relatively as
accurate as the angles themselves. In case a true meridian is
found by observation (Chapter VII) the bearings should be re-
ferred to this and marked true bearings by a note on the plan,
and this information should also be contained in the deed.

A plan which is to accompany a deed should show such
features as watercourses, highways, buildings, and adjoining
property lines, as well as stone bounds, stakes, fences, walls, or
other artificial objects which mark the boundaries of the property.

This plan should contain the following information.

(1) Lengths of all property lines together with their calcu-
lated bearings or the angles at the corners.*

(2) Location and description of corner bounds.

(3) Conventional sign or name on walls, fences, etc.

* It is customary with many surveyors to omit from the plan certain data
such as the angles or bearings, so that, while it may answer the purpose for which
it was made, it does not contain all the data and frequently not enough to enable
another surveyor to relocate the property by means of it. This is done, of course,
so that when the tract is to be resurveyed or plotted it will be necessary to em-
ploy the same surveyor who has in his possession data for which the owner has
paid and which the surveyor should have turned over to him. For a valuable
paper on this subject see “ The Ownership of Surveys, and what Constitutes a
Survey and Map,” by Professor William G. Raymond, published in Zke Polytechnic,
the student journal of the Rensselaer Polytechnic Institute, Troy, N. Y., January.

1894.
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(4) Names of highways, streams or ponds, and names of
adjacent property owners.

(5) Scale of drawing and direction of the meridian used (true
or magnetic). It is better to refer all bearings to the true
meridian when possible, and in such a case the direction of the
magnetic needle should also be shown.*

(6) The title should include a simple and complete state-
ment giving the name of owner, place, date, and name of sur-
veyor. An explanatory note such as a statement as to whether
bearings refer to true or magnetic meridian may also be neces-
sary. (See Art. 468, p. 415.)

150. Deed Description. — The written description of the prop-
erty which is recorded in the deed should be given by bearings
(or angles) and distances, stating in every case how the sides of
the property are marked and whether bounded by a highway,
stream, or private property, giving the name of the present
owner of the adjacent,property. The following is an example
of a deed description of the property shown in the form of notes
in Fig. 53, p. 104.

“ Beginning at a point in the northerly line of Willow Road
in the town of Bancroft Mills, Maine, at an iron pipe sunk in
the ground at the S.E. corner of land now or formerly belonging
to Nathan H. Barnes, and running along the said northerly line
N 85° 34’ E a distance of two hundred ninety-seven and seven-
tenths (297.7) feet to the thread of channel of Stony Brook at
land now or formerly belonging to James F. Hall; thence turn-
ing and running in a northerly direction, by thread of channel of
said Stony Brook and land of said Hall, a distance of about three
hundred and eight (308 +) feet to a stone wall at land now or
formerly belonging to Hiram Cole; thence turning and running
along the middle of said stone wall and by land of said Cole

® As magnetic bearings are unreliable (Art. 28, p. 19) true bearings should be
used wherever their adoption does not entail too much additional expense. In
those parts of the country which have been subdivided by the U. S. General Land
Office true meridians can be readily obtained from the government surveys; in
many of the older (Eastern) states true meridians have been established by local
authorities. If the survey can be connected with any triangulation system such
as that of the United States or state surveys then, since the true bearings of all
of the triangulation lines are known, the bearings of the traverse lines can be
obtained.
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N 86° 45’ W a distance of two hundred and five and eight-tenths
(205.8) feet to the middle of another stone wall at land of said
Barnes; thence turning and running by latter stone wall and land
of said Barnes S 0° 53’ E a distance of one hundred and seventy-
seven and two-tenths (177.2) feet to a fence ; thence turning and
running by said fence and land of said Barnes N 87° o9’ W a
distance of ninety-three and three-tenths (93.3) feet to an iron
pipe sunk in the ground ; thence turning and running by a fence
and land of said Barnes S 1° §1/ W a distance of one hundred
and sixty-nine and four-tenths (169.4) feet to the point of begin-
ning ; all the bearings being magnetic and the parcel containing
a calculated area of 79,305 square feet more or less.”

It is unfortunate that the description of the property in deeds
in the vast majority of cases, does not define the property in
such a manner that it can be plotted from the description. Some
deeds are so loosely written as to contain only the names of the
owners of adjacent property, no bearings or distances being given,

151. JUDICIAL FUNCTIONS OF THE SURVEYOR.— In rerun-
ning old property lines which have been obliterated, the surveyor
is called upon to set aside temporarily his strict adherence to the
mathematical side of surveying and must endeavor to find if pos-
sible where the lines originally ran. He should therefore be fa-
miliar with the relative importance of various evidence regarding
the location of the property lines, as determined by court deci-
sions. It is distinctly his duty to find the position of the original
boundaries of the property and not attempt to correct the original
survey even though he may be sure that an error exists in it.
Very often it is true that, owing to the cheapness of land, the
original survey was roughly made with little thought of the effect
it would have when the land became valuablé.

The surveyor therefore must first of all hunt for all physical
evidence of the location of the boundaries * and failing in this he

# It must not be assumed that a boundary is missing because it is not at once
visible, Stone bounds are often buried two or three feet deep; the top of a
stake soon rots off, but evidences of the existence of the stake are often found
many years after the top has disappeared, and the supposed location should be
carefully dug over to find traces of the old stake. The shovel and common sense
are of as much use as the transit and tape in relocating an old corner.
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will base his judgment on any other reliable evidence such as
occupancy or the word of competent witnesses. It is obvious
that this is along equitable lines, since the property was originally
purchased with reference to the actual or visible bounds which
vest the owner with rights to the property bounded by these
lines.

If there is a dispute between adjoining owners over the loca-
tion of a boundary line this presents a question which must be
settled by the courts unless the parties can come to an agree-
ment themselves. In such cases the surveyor acts simply as an
expert in judging where the line originally ran and has no power
to establish a new line. He can, however, be employed by the
disputing parties as an arbitrator to decide on the equitable line,
but they are not necessarily obliged to accept his judgment.

If they come to an agreement between themselves, however,
regarding the location of the line and occupy to that line, this
agreement is binding even though no court has intervened in the
matter.

It is to be assumed that the deed was drawn by the grantor
with honest intent to convey the property to the grantee. It is
intended then that it shall be interpreted if possible so as to
make it effectual rather than void. The deed should also be
construed in the light of what was known at the time when the
title was transferred.

In the interpretation of a deed it is assumed that it was in.
tended to convey property the boundaries of which will form a
closed traverse. Therefore it is within the jurisdiction of the
surveyor to reject any evident mistake in the description when
running out the property line, e.g., a bearing may have been re-
corded in the opposite direction or an entire side omitted. Where
artificial features are mentioned as boundaries, these always take
precedence over the recorded measurements or angles, but these
marks must be mentioned in the deed in order to have the force
or authority of monuments. When the area does not agree with
the boundaries as described in the deed the boundaries control,
All distances unless otherwise specified are to be taken as straight
lines ; but distances given as so many feet along a wall or high-
way are supposed to follow these lines even if they are not
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straight. When a deed refers to a plan the dimensions on this
plan become a part of the description of the property.

Where property is bounded by a highway the abutters usu-
ally own to the center line, but where it is an accepted street
each abutter yields his portion of the street for public use; if,
however, the street is abandoned the land reverts to the original
owners. If a street has been opened and used for a long period
bounded by walls or fences, and there has been no protest re-
garding them, these lines hold as legal boundaries. In the case
of a line between private owners acquiescence in the location of
the boundary will, in general, make it the legal line. But if
there is a mistake in its location and it has not been brought to
the attention of the interested parties or the question of its po-
sition raised, then occupancy for many years does not make it a
legal line.

Where property is bounded by a non-navigable stream it ex-
tends to the thread of the stream. If the property is described
as running to the bank of a river it is interpreted to mean to the
low water mark unless otherwise stated. Where original owner-
ship ran to the shore line of a navigable river and the water has
subsequently receded the proper subdivision is one that gives to
each owner along the shore his proportional share of the channel
of the river. These lines will therefore run, in general, perpen-
dicular to the channel of the stream from the original intersec-
tion of division lines and shore lines.

A more complete statement of the principles mentioned above
particularly with reference to the U. S. Public Land Surveys
will be found in an address on “ The Judicial Functions of Sur-
veyors,” by Chief-Justice Cooley of the Michigan Supreme Court,
read before the Michigan Association of Engineers and Survey-
ors, and published in the proceedings of the society for 1882,
pp. 112-122. '

152. RERUNNING OLD SURVEYS FROM A DEED. — The vis-
ible marks which are mentioned in a deed are of primary impor-
tance in determining the extent of a piece of property; the
lengths of the sides and the bearings (or angles), which should
agree with the boundaries, are of secondary importance. It
sometimes occurs, however, that all evidences of artificial bound-
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aries of the property or of portions of it are missing, and the
surveyor must then fall back on the dimensions given in the
deed as the best information available (Art. 150, p. 115). Fur-
thermore it is sometimes necessary to “run out ' an old deed
to determine which of two lines is the correct boundary, or in
some cases to find how close the actual boundaries of a property
agree with the original deed.

If the directions of the boundaries are defined in the deed by
the magnetic bearings, as was formerly the usual custom, it is
necessary first to find the declination of the needle at the date of
the original survey as well as the present declination of the needle
and to correct all the bearings accordingly (Art. 29, p. 20).
The declination of the needle should appear on the original deed
or plan ; but unfortunately it seldom does, and the year the sur-
vey was made must then be obtained either from the deed, the
old plan, or from witnesses,and the declination of the needle at
that time computed. Observations at different places and times
have been compiled by the U. S. Coast and Geodetic Survey,
and these results may be found in convenient form for calculation
in the annual Reports of the Superintendent, particularly the 1886
report.* From these observations the approximate change in
declination may be obtained. In this way the magnetic bearings,
corrected to date, can be determined as closely probably as the
original bearings were taken. It is evident that the change in the
declination of the needle between the date of the original survey
and the present time is what is desired. If there exists there-
fore one well-defined line which is known to be one of the original
boundary lines, a bearing taken on this line and compared with
that given in the deed will determine directly the change in
declination. There may be more than one well-defined line
whose bearings can be obtained and a comparison of the results
on these different lines will give an idea.of the reliability of the
original survey as well as a more accurate determination of the
change in declination.

# In 1902 the U. S. Coast and Geodetic Survey issued a special publication
entitled, “ Magnetic Declination Tables and Isogonic Charts for 19o2,” in which
1s given a very complete list of declinations for various places in the United Statec.
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Not infrequently in attempting to rerun old compass surveys
it is found that the traverse as described in the deed does not
“close,” i.e., the last point does not coincide with the first. If
this error of closure is small it may be due to the difference in
length between the chain used for the original survey and the
one being used. = Before any attempt is made to run out the old
survey this difference should be determined by measuring one or
more of the well-defined lines of the property, if any can be found,
and comparing the measurements obtained with the recorded
distances. -

Occasionally it is found that the traverse will not close by a
large amount owing to a mistake in the original survey. Often
in such cases the deeds of adjacent property will show what
the mistake was, and in such cases it is allowable to make a cor-
rection if it will give a description that is consistent. For ex-
ample, it occasionally happens that a bearing has been recorded in
the reverse direction so that noarea is enclosed by the boundaries.
Sometimes an entire chain-length has been omitted in one of
the lines and by supplying this the description is made consistent.
Other inconsistencies are to be dealt with in the same general
manner, or as suggested in the preceding article.

153. How to Look Up a Recorded Deed. — In all the states of
the Union the transfer of real property must be recorded in the
respective county Registry of Deeds or in the office of the city
or town clerk. At the Registry of Deeds is kept an exact copy
of the deed, which can be examined by any one. It is fre-
quently necessary for the surveyor to make use of these copies
when it is not convenient to obtain the deed from the owner of
the property or when it is necessary to look up the deed of ad-
jacent property or previous transfers of any of them.

In every Registry of Deeds an index of the deeds is kept,
which is divided into two parts, the grantor index and the grantee
index ; the grantor being the party who sells the land and the
grantee the one who buys it. These indexes are frequently
divided by years and for this reason the surveyor should know
not only the name of the party who bought or sold the property
(both if convenient to get them), but also the approximate date
of the transaction. With this information he can readily find
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in the proper index the name of the party, opposite which will
appear the date of the transaction and the number of the deed
book and page on which the copy of the deed is recorded. He
then finds the deed book, from which he can copy whatever data
he desires from the deed; usually the description of the property
is all that concerns the surveyor. In the deed book is usually a
reference number in the margin or in the text of the deed which
refers to the next preceding transfer of the same property or
to any attachments, assignments, and the like which may have
been made on it. This method of indexing and filing deeds is
used in the New England States and in many of the other states;
in fact the general principles are the same throughaut the coun-
try although the details may differ to some extent.

THE UNITED STATES SYSTEM OF SURVEYING THE PUBLIC LANDS.

154. The System.— The United States System of Sur-
veying the Public Lands, which was inaugurated in 1784, and
modified since by various acts of Congress, requires that the
public lands “shall be divided by north and south lines run
according to the true meridian, and by others crossing them at
right angles so as to form townships six miles square,” and that
the corners of the townships thus surveyed ‘“must be marked
with progressive numbers from the beginning.’> Also, that the
townships shall be subdivided into thirty-six sections, each of
which shall contain six hundred and forty acres, as nearly as
may be, by a system of two sets of parallel lines, one governed
by true meridjans and the other by parallels of latitude, the
latter intersecting the former at right angles, at intervals of a
mile.

Since the meridians converge it is evident that the require-
ment that the lines shall conform to true meridians and that
townships shall be six miles square, is mathematically impos-
sible. In order to conform as nearly as practicable to the spirit
of the law, and also to make its application both uniform and
effective, an elaborate system of subdivision has been worked
out. This system will be described in this chapter, first in its
general and afterward in its more detailed features; this will
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then be followed by a discussion of the ways in which the work
of present-time county and other local surveyors is related to
the Public Lands System.

The work of the Public Lands Surveys is and has been carried
on under the direction of the Commissioner of the General Land
Office. Usually the area comprised in each State or Territory
has been denominated a District, and has been placed in direct
charge of a Surveyor General. The functions that the Sur-
veyor General exercises in his District may be likened to those
of a division engineer on construction work; he examines the
Deputy Surveyors, approves their contracts, and inspects their
fieldwork. The maps, field notes and other records are kept at
his office until all the subdivision work in his district is com-
pleted, when they are turned over to the State to which they
pertain, and the office of the Surveyor General is then dis-
continued. (See Art. 167, p. 153.)

The actual surveying operations are performed by Deputy
Surveyors, who run the lines in the manner specified in the
Manual * or as directed in detail by the Surveyor General.
This work is usually done under contract, at stipulated prices
per mile for lines of various degrees of importance or difficulty.
These prices have varied from time to time, with the demand
for and supply of deputies, the relative degree of accuracy with
which the work’ was required to be done, and with other con-
ditions. Those at present prescribed by law{ are shown in
Table 3.

It will be observed from the schedule of prices given that
higher rates are paid for stanmdard lines, which. constitutg the
general framework or control for the subdivision work, and that
the township lines in turn are rated higher than the section lines.
It is the obvious intention, and has been the general practice, to
secure a somewhat higher degree of accuracy for these more
important lines by awarding them to the more experienced and
skilful deputies, while inexperienced or less skilful surveyors
were employed on subdivision work. It follows from this that

* Manual of Surveying Instructions for the Survey of the Public Lands
issued by the Commissioner of the General Land Office, Washington, D. C.
t Act of Congress approved, March 3, 1905.
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in the relocation of lost corners more weight may properly be
given to the more important lines.

TABLE 3.

SHOWING PRESCRIBED RATES OF PAYMENT PErR LINEAR MILE FOR
SURVEYING PuBLIC LANDS.

Standard
and Township | Section
Meander Lines. Lines.
Lines.
Minimum rates: to be used under ordinarily $o $7 $s
favorable conditions.
Intermediate rates: to be applicable to lands $13 $11 $7
“heavily timbered, mountainous, or covered
with dense undergrowth, but not exception-
ally difficult to survey.”
Maximum rates: to be allowed only in cases of $18 $13 $12
exceptional difficulties in the surveys.
Special maximum rates: to be allowed in cases of $25 $23 $20
exceptional difficulties in the surveys, in cer-
tain remote districts, at the discretion of the
Secretary of the Interior.

In the following named States and Territories the surveying of
Public Lands is still in progress, the work being under the super-
vision of Surveyors General.*

Alaska. Louisiana. Oregon.
Arizona. Minnesota.t South Dakota.
California. Montana. . Utah.
Colorado. Nevada. Washington.
Florida.t " New Mexico. Wyoming.
Idaho. North Dakota.t

154a. Process of Subdivision. — It will be convenient to con-
sider the process of subdivision as separated into several distinct
operations, to be carried out in sequence. It must be understood,
however, that one operation, for instance, the division of the area
into 24-mile tracts, is rarely or never completed over the entire

* From Report of the Commissioner of the General Land Office for the Year
ended June 30, 1906.
t Practically completed.
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area to be covered before the next operation in order is begun;
a single surveying camp may be carrying on two or three different
operations before removing from the neighborhood, for example,
running township exteriors and immediately afterward subdivid-
ing the townships into sections.

Briefly stated, the subdivision work is carried on as follows:

First. The establishment of

(a) An Initial Point by astronomical observations.

(b) A Principal Meridian conforming to a true meridian of
longitude through the Initial Point, and extending both north and
south therefrom, and

(c) A Base-Line conforming to a true parallel of latitude
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F1c. 67. SHOWING DIVISION INTO 24-MILE BLOCKs.

through the Initial Point, and extending both east and west there-
from. This initial operation is indicated in Fig. 57.

Evidently the principal meridian will be marked out on the
ground as a straight line, while the base-line will follow the curve
of a due east and west line, being at every point at right angles to
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the meridian through that point. The field methods prescribed
for running out the principal meridian and the base-line on the
ground are described in detail in Arts. 155a-b, pp. 129-31.

SeconDp. The division of the area to be surveyed into tracts
approximately 24 miles square (Fig. 57) by the establishment of

(a) Standard Parallels conforming to true parallels of latitude
through the 24-mile points previously established on the principal
meridian, and extending both east and west therefrom, and

(b) Guide Meridians conforming to true meridians of longi-
tude through the 24-mile points previously established on the
base-line and standard parallels, and extending north therefrom
to an intersection with the next standard parallel or to the base-
line.

Since the guide meridians converge, these 24-mile tracts will
be 24 miles wide on their southern and somewhat less than this
on their northern boundaries. Theoretically, both the east and
the west boundaries should be just 24 miles in length, but, owing
to discrepancies of field measurements, this is rarely or never the
case.

TrmD. The division of each 24-mile tract into Townships,
each approximately 6 miles square, by the establishment of

(a) Meridional lines, usually called Range.Lines, conforming
to true meridians through the standard township corners previ-
ously established at intervals of 6 miles on the base-line and stand-
ard parallels, and extending north therefrom to an intersection
with the next standard parallel, or to the base-line, and

(b) Latitudinal lines, sometimes called Township Lines,
joining the township corners previously established at intervals
of 6 miles on the principal meridian, guide meridians, and range
lines. The division resulting from the first three operations is
indicated in Fig. 57a.

It will be apparent that, neglecting the effect of discrepancies
and irregularities in measurement, both the east and the west
boundaries of all townships will be just 6 miles in length, but the
north and south boundaries will vary in length from a maximum
at the standard parallel or base-line forming the southern limit
of the 24-mile tract'to a minimum at that forming its northern
limit.
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FourtH. The subdivision of each township into Sections, each
approximately 1 mile square and containing about 640 acres, by
the establishment of Section Lines,both meridional and latitudinal,
parallel to and at intervals of 1 mile from the eastern and southern
boundaries of the township. (See Fig. 6o, p. 147.)
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Assuming all fieldwork to be done with mathematical exact-
ness, this subdivision would result in sections exactly 8o chains
(1 mile) on each of the four sides,* except the most westerly range
of 6 sections in each township, which would be less than 8o chains
in width by an amount varying with the distance from the southern
boundary of the 24-mile tract. The extent to which this condi-
tion is realized in practice is indicated in Art. 162, p. 139, wherein
the usual field methods of subdividing a township are described
in detail.

* These theoretical Sections would not be exactly square, as may be readily
perceived, but would be rhomboids.
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154b. Methods of Designating Lines and Areas. — The
various principal meridians and base-lines of the Public Lands
Surveys are designated by definite names or by number, as, for
example, “The Fifth Principal Meridian and Base-Line,” or
*“The Cimarron Meridian.”

The standard parallels are numbered in order both north and
south from the base-line, and are so designated. The guide
meridians are numbered in a similar manner east and west from
the principal meridian. Fig. 57 illustrates the method.

Any series of contiguous townships or sections situated north
and south of each other constitutes a range, while such a series
situated in an east and west direction constitutes a fier.

The tiers of townships are numbered in order, to both the
north and the south, beginning with number 1 at the base-line;
and the ranges of townships are numbered to both the east and
the west, beginning with number 1 at the principal meridian.
A township is designated, therefore, by its serial number north
or south of the base-line followed by its number east or west of
the principal meridian, as
“Township 7 south, Range '
19 east, of the Sixth Prin- [ © [ S [4 |3 [2 [1:
cipal Meridian.” This is
usually shortened to “T. 7 8191011112
S., R. 19 E., 6th P. M.”

Thegsections ofatown- |IB[17]16[15[14(13

ship are numbered commen-

cing with No. 1 at the 19 (2021222324

northeast angle of the town-

ship, and proceeding west to 30(29|28|27|26|25

No. 6, and then proceeding
east to No. 12, and so on, 31(32(33]|34|35|36

alternately, to No. 36, in

the southeast angle as illus- Fi16. 57b. DIAGRAM OF A TOWwN-
. SHIP ILLUSTRATING METHOD OF
trated by Fig. s7b. In all NUMBERING THE SECTIONS.

cases of surveys of fractional
townships the sections will bear the same numbers they would
have if the township were complete.

The regular subdivisions of a Section are indicated by stating
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briefly the aliquot part of the section intended together with its
location in the section, as “the N. } of the S.W. } of Sec. 27,
T. 12 N, R. 5 W.”

154c. Field Methods. — The work of subdivision of the
Public Lands has already been largely completed, and the sur-
veyor of to-day is usually concerned only with the retracing of
old lines, the relocation of lost corners, or with the subdivision
work that comes with increase in population. For all these,
however, a thoroughgoing knowledge of at least the common
field processes and methods that have been used in the original
surveys is essential. Certain details of field practice have varied
somewhat from time to time, but the leading features have
remained fairly constant for all those areas that have been sur-
veyed since the system became well established.

In the following pages is given a somewhat detailed descrip-
tion of the methods commonly employed in carrying out the
operations briefly indicated in Art. 154a. Inasmuch, however, as
certain of the east and west lines are required to be established
as true parallels of latitude, the two commonly accepted methods
of accomplishing this will first be described.

155. TOESTABLISH A PARALLEL OF LATITUDE. — A parallel
of latitude on the surface of a sphere is a curved line. This
may be understood from the facts that the meridians converge
toward the pole, and that a parallel is at every point at right
angles to the meridian at that point. If vertical lines are drawn
through every point on a parallel of latitude they will form a
conical surface, the apex of the cone being at the center of the
sphere. In the case of a straight line all of the verticals would
lie in the same plane, and this plane would intersect the sphere
in a great circle.

A parallel of latitude may be run out by means of the solar
attachment to the transit, since by using this instrument the
direction of the meridian may be quickly found whenever the sun
is visible (Art. 8s, p. 66). A line which at every point is at
right angles to the meridian will be a true parallel of latitude.
This method, however, is found to give results less accurate than
are required, chiefly on account of the errors in the adjustment
of the solar attachment.
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A better method of establishing a parallel is by taking offsets
from a straight line. Two methods of doing this, known as the
Secant Method and the Tangent Method, are used in the Public
Lands Surveys.

155a. The Secant Method.* — (Fig. 58.) * This method con-
sists of running a connected series of straight lines, each six miles
long, on such courses that any one of the lines will intersect the
curve of the parallel of latitude in two points, separated by an
interval of four miles; and from this line thus established, measur-
ing north or south, as the case may be, to attain other required
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points on the latitude curve.” The o and 6 mile points of a
parallel will be north of the secant, and the 2, 3, and 4 mile points
will be south of the secant.

The instrument is set up south of the township corner where
the survey. is to begin, the distance from the corner being found
in Table 4 in the column headed ‘“o miles.” For example, in
latitude 40° the transit would be set 2.79 feet south of the corner.
The direction of the first secant at its initial point is found by
observing on Polaris (Chapter VII) to obtain the true meridian
and then laying off the azimuth angle found in Table 4 under
“o miles.” (See Fig. 58.) This angle should be repeated
several times to determine accurately the direction of the secant.
This direction is then prolonged 6 miles. At each mile and half-
mile point an offset is measured to establish a point on the curve,
the distance and direction of the offset being shown in Table 4.

* The quotations are from the “Manual of Surveying Instructions for the
Survey of the Public Lands of the United States,” prepared by the Commissioner
of the General Land Office in 1902.



TABLE 4.

AZIMUTHS OF THE SECANT, AND OFFSETS, IN FEET, TO THE PARALLEL.
Latitude in left-hand column and distance from starting point at top or bottom of the table.

Deflec-
Azimuths and offsets at — tion Angle
e oy
o miles. | § mile. | 1 mile. | 14 miles.| 3 miles. | 24 miles.| 3 miles. Rad. 66 ft.
°
30 | 89°58'5 | 89°58'.7 | 89° 5920 | 89° 59”.2 | 89° 595 | 89° 59.7/90° (E. or W.)|| 3 007.2
1.03N. | 087 N. 0.00 | 0.67S. | 1.15S. | 1.448S. 1.84S. || 0.69ins.
31 | 89°58'.4 | 89°58'.6 | 89° 58'.9 | 89° 5¢’.2 | 89° 50’5 | 89° 59’.7 (90° (E.or W.)|| 307”4
2.01N. | o.01 N. 0.00 | 0.708. | 1.308. | 1.508. 1.60 S. || 0.72 ins.
32 | 89°58°.4 | 89°58 .6 | 89°58'.9 | 89° 59/.2 | 89° 5.5 | 89° 60°.7 [90° (E. or W.)|| ¥ 16”.0
2.090 N. | o.04 N. 0.00| 0.738. | 1.288. [ 1.568. 1.678S. || 0.75ins.
33 [ 89°58.3 | 89°58 .5 | 89° 58’.8 | 89°59’.1 | 89° 50’.4 | 89° 50°.7 (90° (E.or W.) 3 2.6
317 N. | o.97N. 0.00| 0.768. | 1.308. | 1.628. 1.73 S. || 0.78 ins.
34 | 80°58'.2 | 89°58'.5 | 89°58'.8 | 89° 50°.1 | 89° 50’.4 | 89° 59°.7 [90° (E. or W.)|| 3’3074
2.3sN. | r.o1 N, 000 | 0.798. | 1.35S. | 1.698S. 1.80 8. || 0.81 ins.
3s | 89°58".2 | 890585 | 89° 58".8 | 89° 59/.1 | 89° 59”.4 | 89° 50”.7 [90° (E. or W.)|| 3’384
2.33N. | 105 N. 0.00 | 0.82S. | 1.408. [ 1.788. 187 8. || 0.8¢ins.
36 | 89°58'.1 | 89°58’.4 | 89° 58°.7 | 89° 59’.0 | 89° 50.4 | 89° 59’.7 [90° (E. or W.)l| 3’ 46”4
2.42N. | 1.09N. 0.00| 085S. | 1.46S. [ 1.828. 1.94 S. || 087 ins,
37 | 89°58'.0 | 89° 58/.3 | 89° 58’.6 | 89° 58’.9 | 88° 50°.3 | 89° 59”.7 |90° (E. or W.)/| 3’ 55”.0
251N | a3 N, 000 | 0888. | 1.81S. | 1.898. 32.018 || o.90ins.
38 | 89°587.0 | 89°58'.3 | 89°58'.6 | 89°58.9 | 89° 50’.3 | 89° 59”7 [90° (E. or W. || 4 03”.6
261 N. | .17 N, 0.00 | 0.918. 1.56S.( 1.958S. 2.08 8)[ ©0.93 ins.
30 | 89°57°.9 | 89°58'.2 | 89°58'.6 | 89° 58’9 | 89° 50'.3 | 89° 59”.7 |90° (E.or W.)|| 4 12'°.6
370N, | 121 N, 0.00 | 0.948. | 1.62S. | 2.028. 2.16 8. || 0.97 ins.
40 | 89°57.8 | 89°58.1 | 89° 58'.5 | 89° 58’.9 | 89° 59°.3 | 89° 59.7 |90° (E.or W.)|| 4’'21"'.6
279 N. | r.as N, 000 | 0988. | 1.688S. | 2.108. 2.24 S.|| r.00ins.
41 | 89°57°.7 | 88°58’.0 | 89° 58'.4 | 89° 58’.8 | 89° 5.2 | 89° 59’.6 |90° (E. or W.) 4’312
2.8 N. | 1.30N. 000 | 1.038. | 1.748. | 2.17 8. 2.328S. || 1.04ins.
43 | 89°57°.7 | 89°58°.0 | 89°58’.4 | 89°58'.8 | 89° 6Y.2 | 89° 59”.6 |90° (E.or W.):| 4 40’'.8
3.00N. | 1.3sN. 000 | 1.058. [ 1.808. | 2.258. 2.408. || 1.08 ins.
43 | 89°67.6 | 89°58’.0 | 89°58’.4 | 89°58’.8 | 89° 50’2 | 89° 58.6 (90° (E. or W.) | 4 50’.8
3.11N. | 140N, 0.00 | 1.088. | 1.86S. | 32.338. 248 8. || 1.12 ins.
44 | 89°57'5 | 89°57°.9 | 89° 58’.3 | 89° 58’.7 | 89° 5Y’.2 | 89° 59”.6 (90° (E. or W.)|| 5'01”.0
3.22N. | 145N 000 | 1.138. | 1.038. | 2.418. 2.578. || 1.16 ins.
48 | 89°57.4 | 89°57.8 | 89°58'.3 | 89° 58'.7 | 89° 59’.1 | 89° 59’5 (90° (E. or W.)|[ 5’11”.8
3.33N. | 130N, 000 | 1.16S. | 3.00S. | 2.498S. 2.6 8 1.20 ins.
46 | 89°57°.3 | 89°57".7 | 89° 58'.2 | 89° 5&.6 | 89° 59’.1 | 89° 59/.5 (90° (E or W.)|| b 22".8
3.44N. | 1.ssN. 0.00 | 1.218. | 3.078. 2.50 S. 2.76.S. || 1.24 ins.
47 | 89°57'.2 | 89°57°.6 | 89° 58’.1 ( 89° 58’.6 | 89° 59,1 | 89° 5¥.5 [90° (E.or W.)|| & 3472
357N. | 1.61 N. 0.00 | 1.25S. | 2.14S. | 2.67S. 2868S. || 1.28 ins.
48 | 89°57.1 | 89°57/.5 | 89°58°.0 | 88° 58’5 | 89° 5.0 | 89° 59’5 |90° (E. or W.)i| 5 4672
3.70N. | 1.66 N. 0.00 | 1.308. | 2.238. | 2.788. | 2.068. || 133 ins.
49 | 89°577.0 | 89°57'.5 | 89° 58’.0 | 89° 58'.5 | 89° 50’.0 | 89° 59’.5 |90° (E. or W.)|| 5’58"’.6
382N. | 1.2 N, 0.00 | 1.348S. 2.308. | 2.878. 3.06S. || 1.38ins.
so | 89°56’.9 | 89°57'.4 | 89°57°.9 | 89°58'.4 | 89° 59,0 | 89° 59'.5 |90° (E. or W.)|| € 11”74
3.96N. | 178N, 0.00 | 1.3908. | 2.38S. | 2.978S. 3.178. || 1.43ins.
) N - Deflec-
6 miles. | 5§ miles. | s miles. [4) miles. | 4 miles. | 34 miles. 3 miles. tion Angle
Lati-| ' : ! i and nat.
tude. tan. to
Azimuths and offsets at — |Rad. 66 ft.
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When the 6-mile point is reached the direction of a new secant
is found hy turning off to the north the deflection angle given in
the right-hand column of Table 4. The offsets are then measured
from this line as from the preceding one. The chief advantage
of this method is that the offsets are short and hence much cutting
is saved in wooded regions.

‘* With ordinary field instruments, usually reading to single
minutes only, fractional parts of the ‘least count’ are generally
estimated by the eye. Greater accuracy may be attained by
making use of a linear measure to lay off deflection angles.”
In the right-hand column of Table 4 are given linear dimensions

T.13N,, R.23E.
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Fic. 58a. TANGENT METHOD FOR ESTABLISHING A PARALLEL.OF LATITUDE.

suitable for use in laying off the deflection angles corresponding
to the various latitudes noted. In using this extremely valuable
method of laying off small angles, a point is first carefully marked,
by double centering, at a distance of one chain (66 feet) from the
instrument. A scale divided to decimals of an inch is then used
to measure off toward the north the appropriate distance taken
from the Table, and the vertical cross-wire of the transit is moved
through the angle subtended. The reading of the vernier will
check the measurement and guard against large errors. The
* direction thus determined is then prolonged in the usual manner.

155b. “The Tangent Method. — This method consists in
laying off from a true meridian, established by observations on
Polaris at elongation, an angle of ¢o°, producing the direc-
tion thus determined, a distance of 6 miles, in a straight line, and
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TABLE 6.

TANGENT METHOD

OFFsSETS, IN CHAINS, FROM TANGENT TO PARALLEL.
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measuring north therefrom, at half-mile intervals, distances of
correct length, taken from Table 6 (interpolated if necessary),
for the given latitude, to attain other points on the latitude
curve passing through the tangential or initial points.

“ The azimuth or bearing of the tangent at successive mile
points will be taken from Table 5 to the nearest whole minute
only, and will be inserted in the field notes, no interpolation
being required, except when test sights are taken. The true
bearing between two points on a standard parallel will be derived
from Table 5 by taking it in the column headed with one-half the
distance between said points. The offsets at intervals of one
mile are inserted in Table 6; to obtain the length of offsets at the
half-mile points, take one-fourth of the offset corresponding to
twice the distance of the half-mile point from the tangential point.

“This method is suitable for running standard parallels and
latitudinal township lines in a level open country, where no
intersections with topographical features will be required; but
in all cases the secant method will be found most convenient.”

¢ 156. Initial Points. — Initial points from which the lines
of the public surveys are to be extended will be established
whenever necessary, under such special instructions as may be
prescribed in each case by the Commissioner of the General
Land Office. The locus of such initial points will be selected
with great care and due consideration for their prominence and
easy identification, and must be established astronomically.

“An initial point should have a conspicuous location, visible
from distant points on lines; it should be perpetuated by an in-
destructible monument, preferably a copper bolt firmly set in a
rock edge; and it should be witnessed by rock bearings, without
relying on anything perishable like wood.”

157. Base-Line. — From the initial point the base-line is
extended both east and west on a true parallel of latitude, one of
the methods described in the foregoing paragraphs being used.
Great care is taken to secure instrumental accuracy. Two
back and two fore sights are taken at each setting of the instru-
ment, the horizontal limb being revolved 180° in azimuth
between the observations, in one method, taking the mean of
observations. Another method, called double back and fore
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sights, is still more exact, and therefore preferable. In this
process the vertical cross-wire is fixed upon two transit points
at some distance apart, in the rear, and then reversed to set
one or two new points in advance. This not only insures a
straight line, if the transit is leveled, but also detects the least
error of collimation. (See Art. 64, P 52. )

‘“Where solar apparatus is used in connection with a tra.ns1t
the deputy will test the instrument, whenever practicable, by
comparing its indications with a meridian determined by Polaris
observations; and in all cases where error is discovered he will
make the necessary corrections of his line before proceeding
with the survey. All operations will be fully described in the
field notes.

“In order to detect errors and insure accuracy in meas-
urement, two sets of chainmen will be employed; one to note
distances to intermediate points and to locate topograph-
ical features, the other to act as a check. Each will measure
40 chains, and in case the difference is inconsiderable, the proper
corner will be placed midway between the ending points of the
two measurements; but if the discrepancy exceed 8 links on
even ground, or 25 links on mountainous surface, the true
distance will be found by careful re-chaining by one party or
both.

“The deputy will be present when each corner is thus estab-
lished, and will record in the body of his field notes the distances
to the same, according to the measurement by each set of chain-
men.

“To obviate collusion between the sets of chainmen, the
second set should commence at a point in advance of the begin-
ning corner of the first set, the initial difference in measurement
thus obtained being known only to the deputy.”

The proper township, section, and quarter-section corners
are established at the appropriate intervals, and meander and
witness corners (Arts. 165a—, pp.148—9.) are set wherever the
line crosses such streams, lakes, bayous, or other objects as may
make their use necessary. Stones or posts used to mark the
positions of the township or section corners are marked on
their north face with the letters SC, for “standard corner,” for
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the purpose of easily distinguishing them from the “closing
corners,” to be set later.

158. Principal Meridian. — The principal meridian is
extended as a true meridian of longitude both north and south
from the initial point. The methods used for the determina-
tion of directions, and the precautions observed to secure
accuracy of measurement, are the same as those described in
the preceding article, under the subject of ‘ Base-Line.”

Also, as in the case of the base-line, all township, section,
quarter-section, and other necessary corners are established in
the proper places as the survey proceeds.

159. Standard Parallels, — Standard parallels, which are also
sometimes referred to as correction lines, are extended both east
and west from every fourth township corner previously estab-
lished on the principal meridian. Sometimes, however, the dis-
tance between them is more or less than 24 miles, depending
upon the requirements of the particular survey in question.
For example, in Kansas the correction lines occur at regular
intervals of 30 instead of 24 miles. In all cases deviations from
the regular order are made only under the written special
instructions of the Surveyor General. The Manual provides
further that “where gross irregularities (in previous surveys)
require additional standard lines, from which to initiate new, or
upon which to close old surveys, an intermediate correction line
. should be established to which a local name may be given, e.g.,
‘Cedar Creek Correction Line’; and the same will be run, in
all respects, like the regular standard parallels.”

Standard parallels are established as true parallels of latitude,
and are run in the same manner and with the same precautions
for accuracy as in the survey of the base-line.

Appropriate corners are established at the proper intervals,
and the township and section corners are marked SC on their
north face, the same as those on the base-line.

160. Guide Meridians., — Guide meridians are extended north
from the base-line, or standard parallels, at intervals of 24 miles
east and west from the principal meridian. They are run as
true meridians of longitude, and are extended to an intersection
with the next correction line north. At the point of intersection
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of the guide meridian with the correction line a closing corner is
established, and the stone or post is marked on its south face with
the letters CC, to distinguish it from the standard corners already
in place. Also, the distance of the closing corner from the
nearest standard corner is measured and recorded in the field
notes., This correction offset will vary with the latitude and
with the distance of the corner from the principal meridian.
At a distance of 15 or 20 ranges from the principal meridian it
may be so great that the closing corner will be nearer to the
adjacent quarter-section corner than to the standard township
corner. Furthermore, it is obvious that the closing corners will
be west of the corresponding standard corners on the east
side of the principal meridian, and  east of them on the west
side.

The mile and half-mile distances on the guide meridians are
made full 8o and 40 chains in length until the last half-mile is
reached, into which all excess or deficiency due to discrepancies
of measurement is thrown.

The general method of running the guide meridians is the same
as that used in running the principal meridian, and all the pro-
visions for securing accuracy of alignment and measurement, and
for establishing corners, prescribed for the latter apply to the
former also.

Provision is made for running guide meridians from north to
south where existing local conditions require this departure from
the usual practice. In such a case the closing corner is first
established on the correction line by calculating the proper cor-
rection distance and laying it off from the standard corner; and
then the guide meridian is run due south from this point. This
method may be used in case the standard corner from which the
guide meridian would ordinarily originate is inaccessible, or for
other adequate reasons.

The Manual also provides that “ where guide meridians have
been improperly placed at intervals greatly exceeding the author-
ized distance of 24 miles, and standard lines are required to limit
errors of old, or govern new surveys, a new guide meridian may
be run from a standard, or properly established closing corner,
and a local name may be assigned to the same, e.g., ¢ Grass Valley
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Guide Meridian.” These additional guide meridians will be
surveyed in all respects like regular guide meridians.”

161. Township Exteriors. — The usual method of subdividing
a 24-mile tract into townships is as follows (see Fig. 57a).

Beginning at the standard corner at the southeast corner of the
southwest township in the tract, the surveyor runs north on a
true meridian of longitude a distance of 6 miles, setting all neces-.
sary corners by the way. From the township corner thus estab-
lished he runs due west on a random line (Art. 191, p. 169) to
intersect the guide meridian (or the principal meridian, in case
he is working in Range 1 East), setting temporary section and
quarter-section corners as he goes. When he intersects the
meridian, he notes the ‘“falling ”” * of his random line, and, in
case this is within the limit prescribed, he then calculates the
course of the true line joining the two township corners and runs
back on it, setting permanent corners opposite the temporary ones
previously set on the random line. In this way all the deficiency
due to the convergence of the meridional boundaries of the town-
ship, together with whatever excess or deficiency may arise from
inaccuracies in measurement, are thrown into the most westerly
half-mile of the latitudinal boundary.

The range line is now continued as a true meridian for another
6 miles, permanent corners being set as before. Then another
random line is thrown across to the western boundary of the
range of townships, and is corrected back to the true line, in the
same manner as that just described. This process is continued
until the most northerly township in the 24-mile tract is reached,
when the range line is merely continued as a true meridian to
an intersection with the correction line, at which point a closing
township corner is established. The half-mile intervals on the
range line are made full 40 chains for the entire 24 miles, except
the most northerly half-mile, into which all excess or deficiency
due to irregularities of measurement is thrown.

The two other range lines of the 24-mile block are run in a
similar manner, the latitudinal township lines being extended to

* That is, the distance of the point at which the random line intersects the
nieridian from the objective corner.
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the westward at the proper intervals and made to connect with
the township corners previously established. From the township
corners on the last range line, however, random lines are run also
to the eastward to meet the guide meridian, and are then cor-
rected back to the westward on a true line between the township
corners. This is done in such a way that the excess or deficiency
of this line also is thrown into the most westerly half-mile.

“In cases where impassable obstacles occur and the fore-
going rules cannot be complied with, township corners will be
established as follows:

“In extending the south or north boundaries of a township
to the west, where the southwest or northwest corners cannot
be established in the regular way by running a north and south
line, such boundaries will be run west on a true line, allowing
for convergency on the west half-mile; and from the township
corner established at the end of such boundary, the west boundary
will be run.north or south, as the case may be. In extending
south or north boundaries of a township to the east, where the
southeast or northeast corner cannot be established in the regular
way, the same rule will be observed, except that such boundaries
will be run east on a true line, and the east boundary run north or
south, as the case may be. Allowance for the convergency of
meridians will be made whenever necessary.”

The Manual provides for a maximum allowable limit for
closing the random line upon the township corner, as follows:
“If in running a random township exterior, such random exceeds
or falls short of its proper length by more than 3 chains, allow-
ing for convergency, or falls more than 3 chainsto the right or
left of the objective point (or shows a proportionate error for
lines of greater or less length than 6 miles), it will be re-run,
and if found correctly run, so much of the remaining boundaries
of the township will be retraced, or resurveyed, as may be found
necessary to locate the cause of misclosure.” A lateral displace-
ment of 3 chains in a distance of 6 miles is equivalent to an
angular deviation of 21 minutes.

162. Subdivision of Townships. — In the subdivision of a
township into sections the following routing is followed in the
field. The surveyor sets up his instrument at the southeast
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corner of the township, observes the meridian, and retraces the
range line northward for a distance of one mile, and the township
line westward for the same distance. This is for the purpose of
comparing his own meridian and needle observations and the
length of his chain with those of the previous surveyor who laid
off the township exteriors.* Then from the southwest corner of
Section 36 he runs north on a line parallel with the east boundary
of the township, setting a quarter-section corner at 4o chains
and a section corner at 8o chains. Then from the section corner
just set he runs east on a random line, parallel to the south
boundary of the section, setting a temporary quarter-section
corner at 4o chains. When he intersects the range line he notes
the falling of his random and also the distance it overruns or falls
short of the length of the south boundary of the section. If the
falling is not more than 5o links (33 feet, representing an angular
deviation of 21 minutes), and if the distance overruns or falls
short of the length of the southern boundary of Section 36 by not
more than the same amount, a return course which will join the
two section corners is calculated; this new line is then run toward
the west, the permanent quarter-section corner being set at its
middle point.

From the section corner just regained the survey is now con-
tinued north between Sections 25 and 26, the direction being
changed slightly to the east or west according to whether the
latitudinal section line just completed exceeded or fell short of
the desired length. At 40 and 8o chains on this line the quarter-
section and section corners, respectively, are set, and from the
section corner a random is run across to the range line, and a
return course is calculated and run as before. This process is
continued until five of the six sections in the series are inclosed.
Then, if the north boundary of the township is not a correction
line, from the section corner last established a random is run
north to the township boundary, and -from the data thus secured
a true line is calculated and run from the section corner on the
township line back to the initial corner. If the north boundary
of the township is a correction line, however, the point at which

* See specimen field notes, p. 144.
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the random intersects this boundary is established as a closing
corner and its distance from the nearest standard corner is meas-
ured and recorded. In either case the permanent quarter-
stction corner is established at 4o chains north of the initial
corner, the excess or deficiency being thrown into the most
northerly half-mile.

In a similar manner the succeeding ranges of sections are
enclosed, randoms being run across eastward to the section cor-
ners previously established and true lines corrected back. From
the fifth series of section corners thus established, however,
random lines are projected to the westward also, and are closed
on the corresponding section corners in the range line forming
the western boundary of the township. In correcting these lines
back, however, the permanent quarter-section corners are estab-
lished at points 40 chains from the initial corners of the randoms,
thereby throwing all fractional measurements into the most
westerly half-miles. Reference to Figs. 59 and 6o ‘will help
toward an understanding of this method of subdivision.

Table 6a, taken from the Manual, gives (to the nearest whole
minute) the angular convergency of meridians from one to five
miles apart. The meridional section lines, therefore, by reason
of being (theoretically) parallel to the range line on the east
boundary of the township, will depart from true meridians by
the amounts indicated in the table.

TABLE 6a.

CORRECTIONS FOR CONVERGENCY WITHIN A TOWNSHIP,

Correction to be applied to bearing of range lines
at a distance of —

Latitude.

t mile. | 2 miles. | 3 miles. | 4 miles. | 5 miles.
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From a consideration of the foregoing it will be apparent

(1) That interior meridional section lines are 8o chains in
length, except those next to the north boundary of the town-
ship; and that the south half of these is 40 chains.

(2) That interior latitudinal section lines are within 5o links
of the length of the line forming the southern boundary of the
range of sections, except those section lines next to the west
boundary of the township; and that the east half of these is 40
chains.

(3) That interior section lines, whether meridional or latitu-
dinal, are ordinarily straight for one mile only.

(4) That except in those section lines next to the north and
west boundaries of the township, the quarter-section corners
are placed equidistant from the two section corners on either
side.

(5) That meridional section lines are intended to be parallel
to the range line forming the eastern boundary of .the town-
ship; and similarly, that latitudinal section lines are intended to
be parallel to the township line forming its southern boundary.

(6) That the cumulative deficiency in latitudinal lines due
to the convergence of the meridians is thrown into the most
westerly half-mile of the township.

(7) That no quarter-section closing corners are established on
correction lines for the use of the sections south of these lines.

163. Fractional Sections. — In sections made fractional by
rivers, lakes, or other bodies of water, lots are formed bordering
on the body of water, and numbered consecutively through the
scction. The boundaries of these lots usually follow the quarter
lines of the section, and contain, as nearly as may be, forty
acres each. Fig. 59 indicates the method. Also, the quarter
quarter sections along the north and west boundaries of a
township, into which the discrepancies of measurements or
the deficiencies due to the convergence of the range lines are to
be carried when the sections are subdivided, are usually num-
bered and sold as lots. (See Art. 169, p. 153d.) These lot lines
are not actually run in the field, but, like the quarter-section
lines, are merely indicated on the plates, and the areas by which
the lots are sold are computed in the office. d
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Field notes taken in connection with the survey of public
lands are required to be returned to the General Land Office
in the narrative form. A sample page of notes, somewhat con-
densed from those given in the Manual, is herewith presented

unta'w
P U T
NORTH

Fi1c. 59. SHOWING PART OF A TypicAL TOWNSHIP; ALSO SHOWING METHOD
oF ForMING LoTs IN FRACTIONAL SECTIONS.

for its value not only as an illustration of a section line survey
but also as an instructive example of this very valuable method
of note keeping. Fig. 59, also from the Manual, shows the
nine sections in the southeastern part of a typical township, and
illustrates the specimen notes given.
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SpECIMEN oF Fi1ELD NoTES.

SuspivisioN ofF T. 15 N, R. 20 E.

From the Tp. cor. already described,* I run

North, on the 5th Guide Meridian and E. bdy. of sec. 36; and, at
40.01 chs., intersect the } sec. cor.; and, at 79.98 chs., fall 1 k. W.
of the cor. of secs. 25, 30, 31, and 36; therefore, the line bears north.

From the Tp. cor. I run N. 89° 57 W., on the S. bdy. of sec. 36; at
39.99 chs., fall 04 lk. N. of the 4 sec. cor.; and at 80.01 chs. fall
1 lk. 8. of the cor. of secs. 1, 2, 35, and 36, on 8. bd7y of the Tp.;
consequently, the S. bdy. of the sec. 36 bears N. 89° 57" W.

Therefore, the Bearings are as stated by the surve?'or general, and my
chaining practically agrees with the field notes of the original survey.

I commence at the cor. of secs. 1, 2, 35, and 36, on the S. bdy. of the
Tp., which is a sandstone, 6 X 8 X § ins. above ground, firmly set,
and marked and witnessed as described by the surveyor general.

Thence I run

N. 0° 01’ W., bet. secs. 35 and 36.

Over level bottom land.

Wire fence, bears E. and W.

Enter scattering cottonwood timber, bears E. and W. F. G. Alexan-
der’s house N.28° W,

Leave scatteri!g cottonwoods, bearing E. and W.; enter road, bears N.

SE. cor. of F. G. Alexander’s field; thence along west side of road.

To crossroads, bears E. to Mound City; N. to Lake City. F. G.
Alexander’s house bears 8. 40° W. The } sec. cor. point will fall
 road; therefore

Set a cedar post, 3 ft. long, 3 ins. sq., with quart of charcoal, 24 ins.
in the ground, for witness cor .to } sec. cor., marked W C } 835
on W.and 36 on E. face; dig pits, 18 X 18 x 12 ins. N. and 8. of

, 3 ft. dist.; and raise a mound of earth 3§ ft. base, 1§ ft. high.
. of cor.

Point for  sec. cor. in road.

Deposit a marked stone, 24 ins. in the ground, for } see. cor.

The SE. cor. of Pat. Curran’s field bears W., 5 lks. dist.

Set a limestone, 15 X 8 X 6 ins. 10 ins. in the ground, for witness cor.

} sec. cor., marked W C } S on W. face; dig pits, 18 x 18 x 12
ins. N. and 8. of stone, 3 ft. dist.; and raise a mound of earth, 3} ft.
base, 14 ft. high, W. of cor.

Thence along E. side of field.

NE. cor. of Pat. Curran’s field, bears W. 4 lks. dist.

Leave road; which turns to N. 70° W., leads to ferry on Yellowstone
River; thence to Lake Ci‘tiy.

Enst,er clenvse cottonwood and willow undergrowth, bears N. 54° E. and

. 54 .
Leav:a undergrowth, enter scattering timber, bears N. 60° E. and S.

60° W.
Set a locust t, 3 ft. long, 4 ins. 8q., 24 ins. in the ground, for cor. of
secs. 25, 25’.0;5 and 36, marked
T 15 N 8 25 on NE,,
R 20 E S 36 on SE,,
8 35 on SW., and
8 26 on NW. face; with 1 notch on 8. and E. faces; from which
An ash, 13 ins. diam., bears N. 22° E_, 26 lks. dist., marked T 15
NR20ES25BT.
A _alyca.more, 23 ins. diam., bears 8. 714° E., 37 lks. dist., marked
ISNR20ES36BT.
A walnut, 17 ins. diam., bears S. 64° W., 41 lks. dist., marked
TISNR20ES35BT.
A cottonwood, 13 ins. diam., bears N. 21}° W, 36 lks. dist.,
marked TISN R20 ES26 BT.

* Description omitted. A description of the determination of a true meridian
by both solar and Polaris observations is also omitted.
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164. “Summary of objects and data intersected by the line
or in its vicinity, to be noted. — 1. The precise course and length
of every line run, noting all necessary offsets therefrom, with
the reason for making them, and method employed.

“2. The kind and diameter of all bearing trees, with the
course and distance of the same from their respective corners;
and the precise relative position of witness corners to the true
corners,

“3. The kind of materials of which corners are constructed.

“4. Trees on line. The name, diameter, and distance on line
to all trees which it intersects.

‘“s. Intersections by line of land objects. The distance at
which the line intersects the boundary lines of every reservation,
town site, donation claim, Indian allotment, settler’s claim, im-
provement, or rancho; prairie, bottom land, swamp, marsh, grove,
and windfall, with the course of the same at all points of inter-
section; also, the distances at which the line begins to ascend,
" arrives at the top, begins to descend, and reaches the foot of all
remarkable hills and ridges, with their courses, and estimated
height in feet, above the level land of the surrounding country,
or above the bottom lands, ravines, or waters near which they
are situated. Also, distance to and across large ravines, their
depth and course.

“6. Intersections by line of water objects. All rivers, creeks,
and smaller streams of water which the line crosses; the distances
measured on the true line to the bank first arrived at, the course
down stream at points of intersection, and their widths on line.
In cases of navigable streams, their width will be ascertained
between the meander corners, as set forth under the proper
head.

“y. The land’s surface — whether level, rolling, broken, hilly,
or mountainous.

“8. The soil — whether rocky, stony, sandy, clay, etc., and
also whether first, second, third, or fourth rate.

“g. Timber — the several kinds of timber and undergrowth,
in the order in which they predominate.

“10. Bottom lands — to be described as wet or dry, and if
subject to inundation, state to what depth.
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“11. Springs of water — whether fresh, saline, or mineral,
with the course of the streams flowing from them.

“12. Lakes and ponds — describing their banks and giving
their height, and whether it be pure or stagnant, deep or shallow.

“13. Improvements. Towns and villages; houses or cabins,
fields, or other improvements with owners’ names; mill sites,
forges, and factories, U. S. mineral monuments, and all corners
not belonging to the system of rectangular surveying; will be
located by bearing and distance, or by intersecting bearings from
given points.

“14. Coal banks or beds; peat or turf grounds; minerals and
ores; with particular description of the same as to quality and
extent, and all diggings therefor; also salt springs and licks. All
reliable information that can be obtained respecting these objects,
whether they be on the line or not, will appear in the general
description.

“15. Roads and trails, with their directions, whence and
whither.

“16. Rapids, cataracts, cascades, or falls of water, with the
estimated height of their fall in feet.

“17. Precipices, caves, sink holes, ravines, remarkable crags,
stone quarries, ledges of rocks, with the kind of stone they afford.

“18. Natural curiosities, interesting fossils, petrifactions,
organic remains,etc.; also all ancient works of art,such as mounds,
fortifications, embankments, ditches or objects of like nature.

“19. The magnetic declination will be incidentally noted at
all points of the lines being surveyed, where any material change
in the same indicates the probable presence of iron ores; and the
position of such points will be perfectly identified in the field
notes.”

165. MARKING CORNERS. — Corners are marked on the.
ground by various kinds of monuments, depending upon the
character and importance of the corner to be perpetuated,
the soil, the materials available, and upon other local and special
conditions. In places where stone is plentiful monuments of
this material are usually set. In timbered districts where suitable
stones are difficult to obtain, posts are driven to mark the points.
In prairie regions where neither stones nor timber are available
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a mound of earth may be raised over the corner, a small marked
stone, a charred stake, a quart of charcoal, or some other per-
manent and distinguishable mark being deposited beneath it.
Occasionally in the timber the corner falls on a spot occupied by
a tree, in which case the tree itself may stand as the monument.
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FIG. 60. SHOWING THE SUBDIVISION OF A TOWNSHIP INTO SECTIONS AND THE
MeTrHOD COMMONLY USED FOR MARKING TOWNSHIP AND SECTION CORNERS.

In case stones or posts are set they are marked with notches
as shown in Figs. 60 and 60a, in order to indicate their respective
positions in the township. Section corners on range lines,
including under this term principal and guide meridians, are
marked with notches on their north and south faces, the number
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of notches being equal to the number of miles to the next adjacent
township corner north or south. In a similar manner the section
corners on the township lines, including base-lines and standard
parallels, are notched on their east and west faces. Township
corners, being located on both range and township lines, are
marked with six notches on each of the four sides. In addition
to being notched as just indicated, corners on correction lines are
marked SC on their northern or CC on their southern faces,
depending upon whether they
are standard or closing corners.
Section corners in the interior of
"~ a township are given notches on
" their east and south faces corre-
“ 1" sponding to the number of miles
to the east and south boundaries
of the township. Thus, the
corner common to sections 20,
21, 28, and 29 would have two
notches on the south and four on the east face, as sketched
in Fig. 6oa. Quarter-section corners are marked with the
fraction “}”, those on meridional lines on their west and those
on latitudinal lines on their north faces.
165a. Witnessing Corners. — Wherever possible the monu-
ment set at a corner is witnessed by several nearby objects, which
may be easily found by anyone looking for the corner itself, which
are not readily moved or obliterated, and which are compara-
tively permanent. In timbered country the stone or post is
usually witnessed by “bearing trees ”’ located near the corner.
The process of establishing a witness tree is to take its bearing
and distance from the corner, then to blaze off the bark from a
short section of the trunk on the side facing the corner and to
cut into the wood with scribing tools certain letters and numerals
indicative of the section in which the tree is located. For
example, the tree northeast from the corner shown in Fig. 6oa
might be marked

Fic. 60a. SKETCH OF STONE MONU-
MENT, SHOWING NOTCHES.

T 7 S
R 15 E
S a1

BT,
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the letters and figures being abbreviations of “Township 7 south,
Range 15 east, Section 21, Bearing Tree.” Usually one tree is
marked in each of the sections to which the corner refers, pro-
vided suitable trees can be found within a reasonable distance of
the corner.

In prairie regions small rectangular pits are dug near to the
corner, the earth taken from them being used to form a mound.
These pits are placed either on the section lines leading from the
corner or at angles of 45 degrees with these lines, depending on
the kind of corner witnessed; and the mound may be either
alongside the monument or, in case the monument is merely a
deposit beneath the surface of the ground, may be placed immedi-
ately over it. Fig. 6ob, adapted from illustrations given in the
Manual, indicates the manner of using this method of witnessing
corners of the several classes. Marks of this kind are of much
greater value than might at first be supposed, for, although the
sharp outlines are quickly worn away, the grass sod soon covers
the mound and grows down into the pits and preserves them from
entire obliteration. In many places on the plains four slight
depressions in the prairie sod with a little mound between have
perpetuated the location of the section corner for a generation or
more, until the country has been settled up and the fence lines
strung. Under other prevailing conditions corners have been
witnessed by mounds of stone, by prominent boulders, and by
various other suitable objects.

165b. Witness Corners. — In case a regular corner falls in a
creek, pond, or in any other place where it is impracticable to
set or maintain a monument, wilness corners are set on all the
lines leading to this corner. These are marked with the letters
WC in addition to the markings that would be appropriate to the
corner of which they are witnesses. Witness corners are, in
turn, referenced by bearing trees, pits and mounds, and other
objects, the same as true corners.

165c. Meander Corners. — Where a surveyed line intersects
the bank of a stream whose width is more than three chains, or
of a lake, bayou or other body of water having considerable
extent, a meander corner is established. The distance from the
nearest section or quarter-section corner is measured and recorded



150 LAND SURVEYING [CHaaPr. V.

Perspective
% Of Stondard T Cor,, with Closing T Cor, inthe distance.

PLANS OF CORNERS
---@- - m = Corner Stone or post.
Quorter M= Mound.
SectionCor.ona M'= Mound with depostt.
Maridional line P= Pit.

F1c. 60b. SHOWING SCHEME FOR DESIGNATING CORNERS BY MEANS oF
MouNDs AND PiITs.
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in the notes, and the stone or post set as a monument is marked
MC on the side facing the water, and the point is referenced by
bearing trees or by mounds of earth in much the same manner
as a quarter-section corner. If practicable, the line is then carried
across the stream or other body of water by triangulation to
another meander corner set in line on the further bank, and the
survey is continued.

166. MEANDERING. — After the regular subdivision work
has been done traverses are run, usually by the needle, joining
the successive meander corners along the banks of the streams or
lake. A traverse of this kind, or a meander line, as it is called,
originates at a meander corner and follows as closely as may be
practicable the various sinuosities of the bank until the next
meander corner is reached. Here the traverse is checked by
calculating the position of the new meander corner and comparing
this with its known position on the surveyed line, and the mean-
dering is then continued. Fig. 61 illustrates the relation of
meander corners and lines to the regular lines of the survey.
These meander lines are used in plotting the stream on the map
and in calculating the areas of the sections or quarter-sections
made “fractional” by the presence of the body of water.

The following quotation from the Manual indicates the
location of meander lines, their functions in the survey, and their
authority as boundaries.

“Lands bounded by waters are to be meandered at mean
high-water mark. This term has been defined in a State decision
(47 Iowa, 370) in substance as follows: High-water mark in the
Mississippi River is to be determined from the river-bed; and
that only is river-bed which the river occupies long enough to
wrest it from vegetation.

“In another case (14 Penn. St. 59) a bank is defined as the
continuous margin where vegetation ceases, and the shore is the
sandy space between it and low-water mark.

““Numerous decisions in State and U. S. Supreme Courts
assert the principle that meander lines are not boundaries defin-
ing the area of ownership of tracts adjacent to waters. The
general rule is well set forth (10 Iowa, 549) by saying that in a
navigable stream, as the Des Moines River in Iowa, high-water
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mark is the boundary line. When by action of the water the
river bed changes, high-water mark changes and ownership of
adjoining land changes with it. The location of meander lines
does not affect the question.

“Inasmuch as it is not practicable in public land surveys to
meander in such a way as to follow and reproduce all the minute

F16. 61. SHOWING THE RELATION OF MEANDER CORNERS AND MEANDER
LINES TO THE SECTION LINES.

windings of the high-water line, the U. S. Supreme Court has
given the principles governing the use and purpose of meandering
shores, in its decision in a noted case (R. R. Co. v. Schurmeier,
7 Wallace, 286-7) as follows:

“In cases where the deputy finds it impossible to carry his
meander line along mean high-water mark, his notes should state
the distance therefrom, and the obstacles which justify the
deviation.

“Proceeding down stream, the bank on the left hand is termed
the left bank and that on the right hand the right bank. These
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terms will be universally used to distinguish the two banks of
a river or stream.

“Navigable rivers, as well as all rivers not embraced in the
class denominated ‘ navigable,’ the right-angle width of which
is three chains and upwards, will be meandered on both banks,
at the ordinary mean high-water mark, by taking the general
courses and distances of their sinuosities, and the same will be
entered in the field book. Rivers not classed as navigable will
not be meandered above the point where the average right-angle
width is less than three chains, except that streams which are
less than three chains wide and which are so deep, swift, and
dangerous as to be impassable through the agricultural season,
may be meandered, where good agricultural lands along the
shores require their separation into fractional lots for the benefit
of settlers.” ]

167. ACCESS TO RECORDS AND MAPS OF THE PUBLIC
LANDS SURVEYS.—1It is evident that a present day surveyor,
practicing in a region originally owned as Public Land and sur-
veyed as such, should have frequent access to the field notes of the
original survey of his district. The Circular previously referred
to states that *The original evidences of the public land surveys
in the following States have been transferred to the State authori-
ties, to whom application should be made for such copies of the
original plats and field notes as may be desired, viz.:

Alabama: Secretary of State, Montgomery.

Arkansas: Commissioner of State Lands, Little Rock.

Tllinois: Auditor of State, Springfield.

Indiana: Auditor of State, Indianapolis.

Towa: Secretary of State, Des Moines.

Kansas: Auditor of State and Register of State Lands, Topeka.
Michigan: Commissioner of State Land Office, Lansing.
Mississippi: Commissioner of State Lands, Jackson.

Missouri: Secretary of State, Jefferson City.

Nebraska: Commissioner of Public Lands and Buildings, Lincoln.
Ohio: Auditor of State, Columbus.

Wisconsin: Commissioners of Public Lands, Madison.

“In other public land States the original field notes and plats
are retained in the offices of the United States Surveyors General.”

In many if not all these States named either the original records
or copies of the same have been distributed among the various
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Counties of the State, and are kept for reference and inspection
in the office of the County Register of Deeds, County Surveyor,
or other official.

Township maps of much of the area covered by the Public
Lands Surveys may be obtained from the General Land Office at
Washington, at nominal prices.

168. RELOCATING LOST CORNERS. — It has been the com-
mon experience that many of the monuments and marks origi-
nally established on the lines of the Public Lands Surveys become
lost or obliterated by the time the country has been settled for a
generation or two. Witness and line trees * are cut down when
the land is cleared, the pits and mounds marking the corners on
the prairie are quickly destroyed when the sod is broken up,
posts rot away, and no one takes the trouble to see that new and
more durable marks are set to perpetuate the location of the
points. Largely owing to the fact that in the areas covered by
the Public Lands Surveys the public roads are usually located
along the section lines, even substantial stone monuments often-
times are carelessly knocked out of place and eventually are
thrown into the ditch or the fence corner. Particularly during
the pioneer period, when the country is just being settled and
land is cheap, the greatest indifference prevails relative to the
preservation of the original monuments, resulting in serious
disputes and costly litigation later when the land becomes more
valuable. A considerable part of the work of the present day
County Surveyor is concerned with the relocation of corners that
have been carelessly destroyed.

An act of Congress approved February 11, 1805, specifically
provides that corners actually located in the field shall be estab-
lished as the proper corners of the sections or quarter-sections
which they were intended to designate, irrespective of whether
they were properly located in the first place or not. A further

* “Line trees” are those directly on a line of the survey. They are blazed on
opposite sides, the blazes facing backward and forward along the line. Trees
near the line are scored with two blazes “quartering” toward the line; the further
the trees are from the line the nearer together the two blazes are placed, and vice
versa. These blazed trees are of great service in marking the approximate positior
of the line through the timber.




RELOCATING LOST CORNERS 153h

provision is that ‘“the boundary lines actually run’and marked”
(in the field) “shall be established as the proper boundary lines
of the sections, or subdivisions, for which they were intended,
and the length of such lines as returned by . . . the surveyors
aforesaid shall be held and considered as the true length thereof.”
These are the principles upon which is based the present practice
in the relocation of the corners of the original survey.*

The General Land Office distinguishes between an obliterated
and a lost corner, as follows:

‘“ An obliterated corner is one where no visible evidence remains
of the work of the original surveyor in establishing it. Its loca-
tion may, however, have been preserved beyond all question by
acts of landowners, and by the memory of those who knew and
recollect the true situs of the original monument. In such cases
it is not a lost corner.

‘“A lost corner is one whose position cannot be determined
beyond reasonable doubt, either from original marks or reliable
external evidence.”

In the case of a corner that is merely obliterated the method of
procedure, obviously, is to establish a new monument in the same
location as the old one, this location being determined by the
evidence presented, which should be adequate for the purpose.
Instances of this kind occur when old witness trees, or their
stumps, or the depressions left in the forest floor by their decay,
may be identified; or when the point is marked by the intersection
of hedge or stone or other permanent fences which admittedly
were constructed on line when the monument was still in place;
or when the ““true situs of the monument” is testified to by other
competent witnesses. (See Art. 151, p. 116.)

In the case of lost corners the true location must ordinarily
be determined from data obtained by actually rerunning the old
lines, as nearly as may be. But here, in accordance with the
principle first stated above, the ‘aim should be to relocate the

* The General Land Office publishes a Circular on the Restoration of Lost or
Obliterated Corners and Subdivision of Sections, which states these principles
and suggests methods of procedure in conformity therewith. Many of the
methods referred to in the following paragraphs are condensed from this
Circular.
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corner at the exact point at which it was originally established,
irrespective of whether it was properly located in the first place
or not. As a help toward this end the following suggestions are
offered, taken mainly from the Circular of the General Land
Office to which reference was made in the earlier part of this
Article. .

A lost corner on a principal or guide meridian or range line
will be located by proportional measurements from the nearest
original corners in place north and south of the lost corner. It
will be located on the straight line joining these original corners,
irrespective of whether the measurements to corners east or west
of the lost corner correspond with the original field notes or not.

A lost standard corner on a base-line or standard parallel or
other correction line will be located by proportional measurements
to the nearest original corners east and west of the lost corner, and
will be located on the true line joining them, irrespective of
whether the required distances to corners north or south would
tend to pull it off this line or not. In like manner, a lost corner
on an interior latitudinal township line will be recovered by
proportional measurements to corners in place east and west of it,

In other words, a lost corner is to be relocated by proportional
measurements from corners which were established at the same
time and with the same degree of care as the lost corner. It
sometimes happens that errors are discovered which throw a
doubt upon the accuracy of the field notes of the line upon which
the corner in question was located, in which case the lateral
measurements might prevail and the corner be located in accord-
ance with them; but ordinarily the rule as stated is the one to be
observed.

A lost section corner in the interior of a township is to be
located by proportional measurements from the corners nearest
to it in all four directions. It is sometimes found, however, that
the meridional section lines have been run with greater care than
the latitudinal lines, owing to the operation of certain routine
methods in use on some surveys. In case this is found to be
true, the measurements on the meridional section lines may be
given a certain precedence over those on the latitudinal lines.

A lost closing corner on a correction line should be located at
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the intersection of the correction line with the meridional line
closing upon it, even though the distance called for would place
the corner north or south of the correction line. It is even held
true of a closing corner actually in place, if it happens to be a
little off the correction line, that such corner is to be construed
as establishing merely the direction and not the termination of
the meridional line upon which it is located. This is one of the
very few cases in which the statutory provision quoted in the
early part of this Article is not ngndly adhered to.

A lost quarter-section corner is always to be established at the
middle point of the section line upon which it was originally
located, except those next<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>